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The Progress of Science 


A MONTHLY NOTEBOOK COMPILED UNDER THE 
DIRECTION OF DAVID S. EVANS _ 


Design for Teaching 


IT is unnecessary in a democracy to offer an apology for 
discussing the subject of education, for democracy is based 
on the assumption of an educated public. Moreover, 
education for a modern civilisation must include a definite 
minimum of scientific knowledge if the student is to be 
fitted for the surroundings in which he will have to live. 

These statements are true, obvious and almost trite. 
Equally generally recognised is the desirability of teaching 
science in a new way which stresses and exposes the 
relation between the facts and demonstrations in the text- 
books and the political and social realities which surround 
us. For such an exposé we obviously need new text-books, 
new syllabuses, and a new attitude on the part of the 
teachers. We need in fact to make our science teaching 
part of a design for living in a modern world. Having 
stated the obvious, let us go further and try to sketch the 
essential tactical objects and methods by which the 
strategic aims may be realised. 

Our objects are two-fold at whatever stage of education 
the application is to be considered. On the one hand we 
wish to instil the spirit of science, the discipline of inves- 
tigation, the adventure of control of material surroundings; 
on the other the almost unrealised possibilities of scientific 
education as a humanity; as a method leading to the 
better understanding of man living in his communities; 
as an enrichment in itself of life and as an aid to the attain- 
ment of full-poised citizenship. 

We may ask whether existing text-books make any real 
approach to this ideal. It must be admitted that they do 
not. They are, all too often, reminiscent of the early 
mathematical propositions of Ramanujan. They present 
stated conclusions and proved propositions, hard-polished 
and unassailable. At no stage do they give any hint of the 
myriads of discarded alternatives or of the slow and 
painstaking progress to the conclusions which form 
weapons, forged in a long refining process of acute mental 
activity, for the struggle for further progress. The principle 
of Archimedes, for example, is presented as a straight- 
forward fact, sugared with the legend of the crown. It 


might have been something which Archimedes threw off 
casually during an afternoon, after lunch and before 
dinner. There can be no doubt that the statement of this 
simple sounding principle did in fact come, not in the 
single moment of inspiration in the bath-tub but as the 
result of perhaps many years of thought which only 
culminated in that moment. Turn over that principle in 


the mind. Think in how many ways the conception could 


have been differently stated, and how the one which has 
come down to us and has served us so well is just exactly 
the correct concentrated form of truth. 

How can we teach science in the sense of a method of 
discovery if we only devote half-a-page to Archimedes’ 
principle, incorporating both the statement itself and its 
illustrations? Here is the kernel of the problem. We 
must find a way of showing just how brilliant was the 
synthests which led to the statement of the simple principle. 
We must show that the principle is brilliant because it is 
simple. We must think of all the other possible ways in 
which it might have been stated. In a word, we must try 
to look back into the mind of Archimedes and see, not the 
deceptively simple-looking result, but the confusion which 
preceded the conclusion. We cannot in fact appreciate the 
true, scientific importance of this or any other great 
discovery unless we can show how difficult it was to make, 
and how success came to him who could strip the problem 
of inessentials and see the truth wholly simple and clear. 

At once then we come to a new principle in science 
teaching. It is that we must change the direction of our 
efforts and concentrate, not so much on instilling facts 
suitable for repetition in examination papers, but on an 
analysis of the mind of the research worker himself. Thus, 
at once, the history of science leaps forward as a cardinal 
element in science teaching. The history of science ought 
to be taught in parallel with scientific facts and principles. 
It ought not to be that form of anecdotage which sometimes 
masquerades as the history of science, but the history of 
ideas themselves. We ought to be able to form a picture 
of each age and each locality confronted with its 
own special problems, which, passed from mind to 
mind, become more refined and precise, and hence more 
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useful until they are presented as a simple grand power- 
ful generalisation. 

This is the kind of approach which should condition the 
teaching of science to general students. It would lose much 
of its factual content, but such facts and methods as were 
included would be retained by the pupil, in sharp contrast 
to the state of affairs which exists to-day. It would need 
to be supplemented by courses for specialists needing a 
full ration of facts, but even for them there would be a gain 
from having some of their knowledge illuminated by a full 
human understanding of the circumstances in which it was 
abstracted from the rich confusion of nature. It would 
demand, too, very much more from the teachers themselves, 
for they would have to bring to bear a much more vivid 
realisation of the personal reality of the men who bear the 
great names of science. In the end, however, the reward 
would be great, for the pupils themselves would have a 
much more realistic conception of scientific knowledge, and 
of the methods by which it may still be gained to-day. 

These suggestions may seem counsels of perfection, since 
they demand on the part of the teacher a profound effort 
of the imagination if he is to succeed in projecting himself 
back into the mentality of those seeking a conclusion, when 
he himself is aware of that conclusion. It is difficult not 
to yield to the temptation to rattle off the statement of 
Newton’s laws and leave it at that, but there can be few 
better ways of realising how really great a man Newton was 
than by reading the works of Oughtred, Wallis, Hooke and 
oti.ers who all might have stated Newton’s laws if they 
could have summoned up the necessary closeness and 
precision of thinking. 

It immediately becomes clear from the most casual 
reading of the works of these men that the scientific 
problems about which they were all thinking were, in a 
very real sense, “‘in the air’. Just as, twenty years ago, 
the problems of atomic structure were in the air, and were 
discussed over and over again by the best scientific brains, 
so in the seventeenth century the problems of navigational 
astronomy were in the air. It seems, in fact, that all great 
crucial problems have been solved more by a gradual 
process of ripening to an inevitable conclusion than by the 
flash of inspiration lighting up a single brain. 

Here again is the history of science is of value, for it 
can teach us why any particular set of problems was in the 
air in a given day and place. It can, properly taught, 
answer the riddle. It can tell us whether the solutions 
ripened under the stimulus of war, as in the present day; 
or to meet the threat of hunger, as in the case of agricultural 
botany in the Soviet Union, or to meet the needs of a 
mercantile civilisation, as in Venice. It can tell us, too, to 
what extent the internal inertia, or what one might term 
the momentum of scientific progress, conditions the 
development of lines of thought which have been initiated 
or hinted at. 

There is another factor which ought to be stressed in 
connection with the exposition of principles of science. It 
is that they are essential for further progress. Is it an 
impossibility to suggest that the pupil should not be given 
a set “experiment” to perform, but that he or she should 
be pitchforked into finding out some fact about the working 
of some comparatively complicated device in such a way 
that he himself will feel the need for the development of a 
set of general principles in order to enable progress to be 
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made? To make the pupil realise for himself that he cannot 
make progress without general principles will be an almost 
fiendishly difficult task, but it is one worth attempting, 
We can hardly go on teaching science in a pedagogic sort 
of way out of books. We can only teach science if we can 
succeed in putting the pupil in the position of the research 
worker of former days. We certainly cannot demand that 
each pupil should discover all scientific knowledge for 
himself, but we ought not to present accumulated know- 
ledge in such a way as to obscure the fact that he might 
have done so had he lived long enough and been ingenious 
enough. We ought, in fact, to bring home the point that 
the pupil can find out things for himself and encourage him 
to do so. 

A large body of facts will, o* course, always have to be 
taught by direct statement, but we can also envisage a 
change in the nature of the facts to be taught. We can 
make old-established principles alive and vivid by pro- 
jecting the pupil back into the days of their initial discovery, 
but even so we can hardly hope to make them as vivid as 
his real contemporary surroundings. It follows then that 
the task of the general science teacher is not to proceed 
from apparently abstract principles through months of 
deduction to something which can be set against the imme- 
diate social background of the pupil. The process ought 
to operate in reverse, the aim being to start from the home, 
from human beings themselves, from the obvious mechani- 
cal devices which appeal so forcibly to the imagination of 
the young, and to work back to the principles. This might 
in fact offer a way out of the difficulty of trying to make the 
pupil himself demand the development of systems of 
principles, for he would himself feel the need for them to 
further his understanding. 

The practical implementation of these suggestions will 
present considerable difficulties, and will be expensive of 
effort and equipment, but it is not to be expected that we 
can make bricks out of straw. In schools we can think of 
a general science course designed to illuminate progressively 
the nature of man and his surroundings, the applications of 
scientific knowledge to the familiar world, the need for 
going beneath the surface to abstract but useful conceptions, 
the need for logical thinking, and the possibilities of 
investigating nature. 

For university students who are to become teachers, 
administrators, or civil servants, or for those who desire 
a humanistic education, we can conceive of a Science 
Greats course of honours standard. This should not bea 
hotch-potch of bits of separate sciences, but a truly unified 
course including practical work, which might be most 
fruitfully grouped, around a central core of the history of 
scientific ideas and their interplay with society together 
with a course in logic and the scientific method. 

We cannot work out such a course in detail here, but it is 
a task which must sooner or later be undertaken, whether 
on the principles suggested or on related ones. At the 
moment our general scientific education is out of joint with 
the times, and we face a very real danger for the future of 
mankind if we do not speedily reduce this dislocation. 
Either we can strive to integrate the spirit and methods of 
science into our thought and our education, or we face 4 
prospect in which we accept only the gadgets of science 
and reject the principles—a prospect which leads to 4 
barren materialism for our civilisation, ending in the loss 
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not only of our mental health but of our 
material welfare as well. 


Vitamin P 


THE importance of vitamins has been 
emphasised by the restrictions of diet in- 
evitable in wartime. Vitamin P, which first 
came into scientific existence in 1936, has 
come to the fore again lately. The reason 
is that there has always been some doubt as 
to the existence of this vitamin, but a 
recent paper in Nature seems to have 
definitely established its identity. The 
history of vitamin P is briefly that in 1936, 
Professor Albert von Szent-Gyorgyi, who 
first isolated crystalline vitamin C in 1928, 
sent a preparation of Hungarian red pepper 
(paprika), which is known to be very rich 
in vitamin C, to a friend who was ill witha 
hemorrhagic disease. The friend took the 
preparation and was cured, and both the 
professor and his friend assumed that the 
beneficial effect of the preparation was due to the vitamin C 
which it contained. However, at a later date when pure 
vitamin C was used to treat a similar case it was found to 
be ineffective. Professor Szent-Gyorgyi suggested that 
another factor must be present in the paprika, and this 
he gave the name vitamin P, attributing the first cure to it. 

This new vitamin was believed to be associated with the 
maintenance of the walls of the capillary blood vessels. 
It was suggested that in its absence the blood leaked 
through the walls of these capillaries and formed what are 
called hemorrhagic spots or areas. In other words, there 
was an increased permeability of the capillary walls which 
it was thought was prevented by vitamin P. 

After this promising beginning vitamin P fell more or 
less into disrepute because other workers, including 
Dr. S. S. Zilva of the Lister Institute, failed to confirm the 
results. Work done on this vitamin since then has included 
some rather uncritical clinical studies in which a favourable 
effect has been claimed as the result of the administration 
of the vitamin, but much of this work was based, not on 
any estimation of the effect of the vitamin on capillary 
resistance, but on much more nebulous clinical 
improvements. 

Dr. Harold Scarborough, working in Edinburgh, 
adopted a much more critical approach. He found in 
several patients suffering from a general vitamin deficiency, 
that the administration of all the known vitamins, including 
vitamin C, produced no improvement in the permeability 
of the capillaries, but that an extract of oranges and lemons 
which was believed to contain vitamin P was immediately 
effective. In later papers Dr. Scarborough suggested the 
conclusion that both vitamin P and vitamin C needed to be 
present together if the former were to exert its maximum 
beneficial effect on the capillaries. : 

One of the difficulties of experimental work on vitamin P 
has been the lack of a suitable animal test. Dr. Zacha, a 
Scandinavian worker, first used the guinea-pig for this 
purpose and his technique was improved by Mr. A. L. 
Bacharach of the Glaxo Laboratories. The apparatus 
finally used by Bacharach consisted of a small glass vacuum 
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Photograph of the shaven back of a guinea-pig showing a bruise 
produced by a suction equivalent to 310 mm. of mercury. This 
animal had been on a vitamin P deficient diet for 5 weeks. Atthe 
start of the experiment a suction of 560 mm. of mercury had 
failed to have any effect on the animal. 
vitamin P deficient diet its capillary permeability had dropped by 


As the result of the 


over 50% 


cup which was placed, mouth down, on the shaven, vaselined 
surface of a guinea-pig’s back. The other end was con- 
nected by a rubber tube to a large flask which could be 
evacuated by means of a pump. The pressure was reduced 
until blood leaked through the walls of the capillaries under 
the skin of the guinea-pig, and formed small spots called 
petechiae. It was found that the petechiae developed with 
less suction in the animals on a vitamin P deficient diet 
than in animals on a normal diet. However, the difference 
of pressure in the flask in the two cases was very small, and 
many people still regarded the existence of the vitamin 
with scepticism. Dr. Geoffrey H. Bourne of Oxford, using 
a further variation in the technique, reduced the pressure in 
the cup until, instead of just a few isolated blood spots 
appearing, the whole area of the skin to which the suction 
was applied went reddish purple in colour. In other words 
a bruise was produced, or what is known scientifically as a 
‘“haematoma’’. Using this as a criterion of the permea- 
bility of the capillary walls it was found that there were 
much more striking differences in the pressures needed to 
produce a positive result in normal and vitamin P deficient 
animals, and that a great increase in suction was needed to 
produce a bruise when the animals were given a diet 
believed to be rich in vitamin P. 

It is to be expected that this subject will be further 
investigated in the future, and that eventually, as in the 
case of other vitamins, vitamin P wil be identified as a 
chemical substance and finally synthesised. 


Biotin: a new Vitamin 


IN the case of certain of the vitamins, such as vitamins B’ 
and C, our knowledge is fairly complete, and deficiency 
can be avoided either by issuing preparations of the pure 
or concentrated vitamins or by incorporating them in 
staple articles of diet such as margarine. There are, 
however, many other vitamins no less important than those 
already investigated, of the properties of which we are still 
very uncertain. Since the main source of all vitamins is 
fresh food such as milk, fruit and vegetables, sufficiency of 
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these little known factors in the diet can best be assured by 
the inclusion of as much food of this type as possible. 
This need for a varied diet is stressed by the recent identi- 
fication of yet another essential vitamin, which has been 
named biotin or vitamin H. 

The story of the recognition and isolation of biotin 
provides a striking example of the way in which research 
Carried out in apparently quite unrelated fields may eventu- 
ally prove to be leading to the same end. It really begins 
some 40 years ago with the observation that for normal, 
healthy growth, yeast and other micro-organisms require 
a substance other than mineral salts and sugars. The 
nature of this substance was then quite unknown, but it was 
provisionally given the name “bios” (the Greek word 
meaning “‘life”). This growth-promoting substance was 
found to be present in a variety of natural substances such 
as malt, eggs and plant tissues. Subsequently bios was 
shown to be a mixture of two substances, called Bios I and 
Bios II. In 1928 Bios I was identified as a sugar-like 
substance called inositol, already well known. In 1935 
Bios II was obtained in a pure crystalline form and re- 
christened ‘biotin’. Meanwhile, in other laboratories 
other workers had been following quite a different line of 
research. In 1922 it was observed that if rats were fed on a 
diet in which egg-white was the only source of protein they 
rapidly developed severe toxic symptoms, characterised by 
dermatitis, emaciation, dropping out of the hair, and 
finally death. Later work showed that the so-called 
egg-white-injury could be avoided by adding various types 
of food, particularly yeast arid fresh vegetables, to the 
rats’ diet. Eventually it became clear that all these foods 
contained a single factor, provisionally given the name 
vitamin H, capable of relieving or preventing the toxic 
symptoms induced by the basic diet. In 1940 the surprising 
discovery was made that biotin, the yeast-growth promoter, 
and vitamin H, the anti-egg-white-injury factor, were 
identical. The apparent toxicity of egg-white has now 
been shown to be due to vitamin H deficiency, since a 
constituent of the egg-white, avidin, can combine with the 
vitamin and render it unavailable to the body. Adminis- 
tration of biotin rapidly relieves the toxic symptoms. Since 
1940 progress has been very rapid, and the past year has 
seen not only the identification of the chemical nature of 
biotin but also its synthesis in the laboratory. 

Chemically biotin has been shown to consist of a complex 
sulphur-containing molecule linked with a molecule of 
urea, the simple nitrogenous compound found in urine. 
Biologically it is remarkable for its power of producing 
obvious effects even in the most minute quantities. Even 
at a dilution as great as 1 part in 400, 000,000,000 (roughly 
1 ounce in 2, 500 million gallons) it will produce a detectable 
effect on the growth of many micro-organisms. Use is 
made of this effect in assaying the very tiny quantities of 
the vitamin present in various natural products. One of 
the richest known sources is yolk of egg, but even in the 
case of this “‘rich’’ source less than a thousandth part of 
an ounce can be extracted from five tons of dried Chinese 
egg-yolk. In the case of animals the activity of the new 
vitamin is equally striking. Although less than five grains 
is sufficient for a man during the whole course of his life, 
the symptoms of deficiency are alarming, characterised by 
baldness, dermatitis, an ashy pallor, lassitude and muscular 
pains. All these symptoms are relieved rapidly by 
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administration of the vitamin. Experimentally the de. 
ficiency symptoms are most easily induced by a diet rich in 
egg-white. : 
The wide distribution of the new vitamin, although in 
the most minute quantities, its resistance to cooking, and 
the small amounts necessary to maintain health, make it 
unlikely that there is any widespread deficiency of a serious 
type, though there is evidence of cases of mild deficiency. 
Already use of the new vitamin has led to encouraging 
results in the treatment of certain types of baldness and of 
acne. Recently it has been shown that biotin is excreted 
by the roots of certain plants, thereby materially affecting 
the numbers of micro-organisms in the surrounding soil. 
At present the full implications of this new discovery have 
not been fully explored, but it has obvious possibilities from 
the agricultural point of view. There is no doubt that with 
synthetic biotin now available and with increasing know- 
ledge of its properties, many uses will be found for this 
remarkable new substance. 


Ship Vibration 


ANY considerable technical advance which follows a 
scientific discovery almost always produces hitherto 
unsuspected technical problems, which, in turn, require the 
work of scientists for their solution. Thus much scientific 
research is directed towards the elimination of faults due 
to existing methods rather than to the discovery of new 
processes. 

An illustration of this in shipbuilding is the problem of 
ship vibration, which is a direct consequence of the use of 
machinery for ship propulsion. Although much has been 
done to discover and eliminate its causes, instances of 
excessive ship vibration still occur, and it is therefore 
necessary to have available methods of minimising the 
unpleasant and harmful effects in such cases. 

The most direct means of reducing any vibration set up 
by a ship’s main or auxiliary machinery is to introduce 
balance weights and resilient machinery mountings, but 
undue vibration has been known to arise even when the 
most careful precautions have been taken. A dynamic 
vibration absorber can then be used. In its original form, 
patented over 30 years ago, this consisted of a heavy 
weight mounted on springs above a base plate which was 
rigidly connected to the ship’s structure at the position of 
maximum vibration. The frequency with which this 
supported weight vibrated was made to coincide with the 
frequency of the unwanted ship vibration, and the weight 
then oscillated violently, absorbing energy from the ship's 
structure which thus vibrated less. The device has seldom 
been applied in this form, but a recent modification has been 
used with considerable success. In this method of neutra- 
lising the disturbing forces the heavy weight is replaced by 
a cast-iron tank divided internally into a number of inter- 
communicating cells which can be filled with water to 
different levels. In this way the weight and natuiral 
frequence of the vibration damper can be readily altered, 
and when in use the water level is adjusted to give the most 
Satisfactory result. 

This device can be adapted to be of use in cases of 
excessive local vibration, when for example, it can be 
attached to a beam below a deck or saloon which vibrates 
unpleasantly. Its use in such a case may often be the only 
alternative to drastic alteration of the interior structure. 
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Though means of reducing existing vibration are valued 
by the naval architect, his aim is complete prevention when 
designing a new vessel. To achieve this it is first necessary 
to understand fully the nature of such vibration, and for 


this accurate measuring instruments are essential. Ship - 


vibrations vary greatly, from low frequency, large ampli- 
tude movements of the whole ship due to unbalanced 
machinery forces, to high frequency, small amplitude 
oscillations set up by the action of the rotating propeller 
blades on the ship’s hull, which may cause unpleasant 
vibrations either throughout the ship or concentrated 
near the stern. It is only very recently that instruments 
capable of accurately measuring and recording this wide 
range have been designed, and with their aid further 
progress in finally solving this problem may be expected. 


Puzzle Corner 


MATHEMATICIANS are worse than the traditional busman 
for taking their leisure at work. After a hard day of 
cogitation or calculation they will spend their free hours 
tuning up their brains with something light but ingenious in 
the way of mathematical puzzles. On their shelves you 
will find the old masters of the mathematical puzzle 
world: Sir W. W. Rouse Ball’s Mathematical Recreations, 
Dudeney’s Canterbury Puzzles together with the newer 
collections such as Hubert Phillips’ Brush up your 
Wits. In these volumes innumerable managing directors 
choose their assistants by putting white discs on their 
backs; immortal engine drivers play endless games of 
billiards: downtrodden workers forever fill leaky tanks in 
the most complicated conceivable way: thieves and their 
loot are endlessly being ferried across rivers in inadequate 
boats; and unfortunate milkmen wrestle until the end of 
time with the problem of giving Mrs. Jones half a pint of 
milk from a churn by juggling with vessels of nine pints, 
three pints and two pints capacity. 

Picking up the latest addition to this library of intellectual 
entertainment—Mr. Maurice Kraitchik’s Mathematical 
Recreations—we find that this sort of thing has been 
going on throughout history. In the fifteenth century they 


‘were a little less sophisticated but none the less tortuous 


minded. Chuquet (1484) for example seems to have been 
incapable of a straight answer and in answer to a question 
about the length of a bolt of cloth would reply ‘* One third 
and one quarter of it are black and the remaining 8 yards 
gray.”’ This sort of thing is childish by comparison with 
the one about the engine driver, but we probably cannot 
expect more in view of the decayed state of mathematics 
in Europe at the end of the Middle Ages. 

As we may expect, the Arabs were much more sophisti- 
cated. The kind of problem which tickled their mathe- 
matical fancy was “If a square be increased or decreased 
by 10 the result is a perfect square. What is the original 
number.’’ This sort of problem ranks as quite serious 
mathematics, and undoubtedly stimulated investigations 
into what we now call the Theory of Numbers. Problems 
of this kind are quite easy to formulate, but although some 
of them look easy they may require very advanced mathe- 
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matical technique for their solution, while some of the 
difficult seeming ones are relatively easy. 

This habit of posing problems as puzzles persisted even 
when the trade of mathematics had begun to acquire a 
professional status. At the time of the Bernoullis (a Swiss 
mathematical family), it was quite usual for the solver of 
a problem to try it on his colleagues. Probably this kind 
of exchange did duty in place of the modern custom of 
publication of results. Sometimes the puzzles were set 
anonymously, but the prospective solvers were not always 
taken in and it is said that Johann Bernoulli on seeing an 
anonymous solution by Newton remarked “I recognise the 
lion by his paw.”’ 

Puzzles have in the past played a considerable part in the 
development of serious mathematics. It is for example con- 
tended by some that the devotion to games of chance during 
the seventeenth century led to the development of the 
theory of probability in France. Certainly this type of 
mathematics was reckoned a suitable diversion for young 
men of fashion at that time, just as the use of The Globes 
was held to be a suitable accomplishment for well-bern 
young women at a later date. 

Mr. Kraitchik includes a tale of the Chevalier de Méré, 
who had trouble in calculating the odds against throwing 
twelve with two dice, although he had managed his bets 
on throwing a six with one dice apparently to his advantage. 
The volume includes all the games of cards and dice that 
we have ever met and several that are quite new. They 
include the American game of shooting craps that an 
alleged psychic once tried to teach to Mr. Harry Price, who 
was wise to decline the invitation without the sort of aid 
that Mr. Kraitchik could have given. 

Turning the pages we find games of chess of all kinds: 
the normal game: games with special pieces: boards with 
the correct numbers of squares and even—characteristic 
development of the mathematician—the game on the 
infinite board. There are also magic squares, i.e. squares of 
numbers in which every row, column and diagonal have 
the same sum. These are by no means the useless diversion 
that they may seem, for the technique of the magic square 
has found considerable application in the design of the 
layout of blocks of experimental plots for seed-testing and 
other purposes. 

The last section is on games of all kinds. None we feel 
should be played with Mr. Kraitchik if a win is hoped for. 
They include the old games like Nim—a pile of matches is 
placed on the table and each player takes so many in turn 
up to acertain limit: the object is to make your opponent 
take the last match—and tl 2 Naval Battle, which has been 
played by astronomers on eclipse expeditions apparently 
since time immemorial. New and wonderful games like 
Ruma, Polish Checkers, Hopscotch and The Wolf and 
the Goats are also included. 

The non-mathematician will get a lot of fun out of this 
book and will triumph over his friends at parties until they 
discover the source of his encyclopedic information. To 
the mathematician it will be a meeting-place with old 
friends, an introduction to new ones, and a reminder of a 
host of professional topics which may have slipped his 
memory during these serious years. 


REFERENCES 
Puzzle Corner: Mathematical Recreations, Maurice 
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THE marriage of mathematics and biology took place quite 
recently. It is difficult to decide who was best man at the 
wedding, but I think it is fair to describe R. A. Fisher as 
having been godfather to the first offspring of that union. 

Problems of applied biology first engaged his attention 
in 1919, when he joined the staff of Rothamsted at 
Russell's invitation. Over many years, results of field 
trials had been accumulating in the research station's 
archives, and a great deal of very useful information had 
been extracted from them. But it had become clear that 
a more refined method of analysing quantitative results was 
needed. During the 14 years that Fisher spent at 
Harpenden he perfected not one method but a score. Nor 
did he remain content with holding statistical post-mortems 
on experiments carried out by others. He went the whole 
way, and showed how more accurate results could be 
obtained if statistical consideration were given to the 
design of experiments. 

Just before he received Russell’s invitation he was 
offered the post of chief statistician under Karl Pearson in 
the Galton Laboratory. Fortunately for the world of 
biology he decided to join the Rothamsted team, his 
preference being largely explained by the fact that he 
foresaw better and more varied opportunities for indepen- 
dent research. Rothamsted gained a brilliant scientist, and 
Fisher found his true vocation during his stay there which 
gave him the chance not only to develop theoretical 
Statistics on a new basis but also to subject his ideas to 
rigorous practical test. 

He was quick to realise the weaknesses of the simple 
“controlled experiments’’ upon which biologists were 


accustomed to rely, and he set himself the task of under- 
mining the confidence with which deductions were drawn 
from the results of such experiments. To quote from one 
of his early papers: 


‘Let us imagine in the broadest outline the process by 
which field trials such as the testing of material of real or 
supposed manurial value is conducted. To an acre of 
ground the manure is applied. A second acre sown with 
similar seed and treated in all other ways like the first 
receives none of the manure. When the produce |s 
weighed you find that the acre which received the 
manure has yielded a crop larger by, say, 10°,. The 
manure has scored a success, but the confidence with 
which such a result should be received by the purchasing 
public depends wholly upon the manner in which the 
experiment was carried out.”’ The italics are mine. 


The Latin Square 


A moment’s thought shows that in such an experiment 
many factors are still beyond our control. For instance, 
we do not know that the two acres were equally fertile 
before the siart of the experiment, nor that the two plots 
were equally exposed to the weather during its course. 
Fisher made it possible to circumvent the uncontrollable 
factors by introducing an experimental lay-out called the 
randomised block. For simplicity I will describe the 
special form of randomised block known as the Latin 
Square. Suppose we need to compare the yields of five 
different varieties of wheat. In the old days we should 
have divided a rectangular plot of land into five equal 
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strips, and sown each strip with one variety. To obtain a 
Latin Square, we further sub-divide those five strips into 
five smaller units, giving us a plot that is broken up, 
chess-board fashion, into 25 small plots. Taking the 
letters A to E to represent our five varieties, we could sow 
our field and obtain a pattern like the one shown below. 


There are, in all 1344 possible ways of arranging those 
letters so that each of the varieties occupies a fifth of the 
totalarea. For statistical purposes, it is essential to choose 
one of those 1344 patterns at random. This is done as 
follows. All the possible patterns are reproduced, one on 
each of 1344 separate cards; the giant “‘ pack”’ is shuffled 
and a card chosen at random from the pack. The design 
shown on that card is the one to be used for our particular 
experiment. (The temptation, of course, is to dispense 
with this troublesome business of randomisation, and to 
take the first design that comes into one’s head. But if 
the arrangement which randomisation offers is rejected the 
statistical analysis of the results obtained is rendered 
unsatisfactory). 

The Latin Square which I have described is a compara- 
tively simple one. Imagine the complications which follow 
when one has to study simultaneously the effect of five 
different fertilisers on five wheat varieties. 

- At first sight the method seems unnecessarily elaborate, 
but as Fisher puts it: 


“Designs formerly felt to be extravagant or dangerously 
ambitious are now known to be more economical in 
time and money than any available alternative. They 
require, however, careful planning and oversight. When 

. high precision is aimed at, they may be very intricate. 
Their statistical reduction will defeat the novice who has 
not studied the subject. Only those who feel this is too 
high a price to pay for efficiency and comprehensiveness 
will be tempted to ignore the opportunities which the 
work of recent years has revealed.”’ 


Fisher’s designs have led to a revolution in agricultural 
trials; his ideas were quickly adopted in America, Russia, 
and the Scandinavian countries, though the Germans, 
taking the view that only a German scientist can be a 
prophet, have done little with them. Readers who want 
more details should consult Fisher’s books, The Design of 
Experiments and Statistical Methods for Research Workers. 


Early Struggles 


To turn to Fisher’s early days. He was born in 1890 in 
East Finchley, the youngest of seven children. His father 
was a partner in a firm of auctioneers in the West End of 


London. One of his uncles was a Cambridge Wrangler. 


Poor eyesight, had a considerable influence on Fisher’s 
career. When he went to Harrow his mathematics tutor, 
Mr. W. N. Roseveare, would not allow him to work by 
artificial light, so the tuition he received in the evenings 
was purely verbal. Denied the use of paper, pencil or 
other visual aid, he was led to develop a geometrical sense 
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that eventually became so acute that it might almost be 
termed an “intuition”. He considers this training 
accounts for the fact that his solutions of mathematical 
problems are singularly devoid of symbols. He does not 
usually attempt to write down an analysis until the problem 
has already been solved in his mind’s eye—sometimes, he 
confesses, the key to the solution has by then been forgotten! 

In 1909, he won a major scholarship to Caius College. 
At Cambridge he took Part II of the Mathematical Tripos, 
and obtained distinction in Part III, for which he studied 
optics. Awarded a college studentship, he spent his fourth 
year working on statistical mechanics and quantum 
theory (under Jeans) and studying the theory of errors under 
F. J. M. Stratton. 

About this time he became very interested in the theory 
of Mendelism. (Incidentally it was Bateson, who for a 
short time occupied the Balfour chair which Fisher now 
fills, who spread the gospel of Mendelism in this country.) 
Fisher was much impressed by the geneticists’ theories, 
and in a short while he began working on a series of studies 
of which none, not even his closest friends, had any 
inkling until, in 1930, he published his book, The Genetical 
Theory of Natural Selection. This work has been described 
as bearing the same relation to Darwin’s discoveries, as 
did Clerk Maxwell’s mathematical treatment to Faraday's 
concepts. 

From 1913 to 1915, Fisher was statistician to the 
Mercantile & General Investment Co. The start of the 
Great War had found him in camp with the Officers 
Training Corps to which he belonged. Though medical 
boards are capable of overlooking many disabilities, 
the one before which Fisher presented himself found it 
impossible to pass the man wearing the strongest pair of 
glasses in England. His talents would probably have 
been largely wasted in the Army, “operational research” 
being then unknown, but it was a keen disappointment to 
Fisher that the Services could find no use for him. He 
spent the war years teaching in public schools. Although 
he did not find it altogether congenial, this period did 
not prove a complete waste of time, since the work he did 
in school laboratories gave him a grasp of practical 
experimentation, a side which had been lacking from his 
Cambridge studies. This experience proved useful later. 


At the Galton Laboratory 


When Fisher left Rothamsted in 1933, he succeeded 
Karl Pearson as Galton Professor of Eugenics in London 
University, where he devoted much of his time to the 
application of statistical theory to genetics. 

After London was bombed in 1940, and after some 
disagreement with the authorities at University College 
where the Galton Laboratory had its quarters, Fisher 
removed the Galton research unit to Rothamsted where 
his old friend, Sir John Russell, found him accommodation. 

Elected an F.R.S. in 1929, he was awarded the Society's 
Royal Medal nine years later for his great contributions to 
science. 

Fisher married in 1917. He has six daughters and two 
sons. I fear, however, that the system of family allowances 
which he was advocating even before he had any children 
will not come into operation in time to be of any relief to 
him! (Fisher believes that in fixing the scale of allowances 
both the number of children and the parents’ income 

[Continued on page 87 
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Synthetic Rubber 





HARRY BARRON, Ph.D., F.I.C., A.IR.I. 


_ THE war has had an amazing effect on the progress of 
ppinthetic rubbers. For many years they have been the 
x bject of much discussion and controversy. To a great 
extent interest in the past was purely academic, since only 
minute quantities of the materials were available. Now 
the subject is very much a matter of practical interest. 
hilst the situation is still very urgent, there is no longer 
ny panic as to availability of rubber-like materials. 
' The manufacture of synthetic rubber in adequate 
amounts had obviously become a vital strategic necessity 
“to the welfare of the United Nations. The solution of the 
~ problem is a great contribution to the war effort. Strategic- 
ally the situation has been safeguarded and it improves 


' During the last two years since the loss of the rubber- 
' growing area in the Far East the perspective on the subject 
"has completely changed. One controversial point has been 
' definitely settled: the ability to produce large quantities 


- was questioned by very many, yet large-scale production is 
~ an established fact. 

It is difficult to appreciate the magnitude on the problem 
with which American chemists and chemical engineers were 
"3 confronted in meeting the requirements of the synthetic 

"rubber programme. The inherent technical difficulties in 


"completing such a gigantic chemical undertaking, even 
"under the most favourable conditions, were immense. The 
sproblem has been further complicated by numerous 
‘war-time restrictions regarding strategic materials needed 
‘for plant construction. Many raw material difficulties 
'were overcome. It is one of the greatest technical and 
P roduction feats in history, and one of which the United 
"States may well be proud. Large quantities of synthetic 
‘tubbers are already available, increasing rapidly as more 
| plants came into production. 
' Ordinary commercial considerations which in the 
circumstances had naturally retarded development of 
synthetic rubbers have, of course, gone completely by the 
board. This may bea temporary phase, and these economic 
considerations will recur, but by that time the position may 
be considerably altered. One odd anomaly of the war is 
at in Great Britain at the present time GR-S synthetic 
fubber is cheaper than natural rubber, although it should 
> added that the prices are pegged. 


U.S. Production of Synthetic Rubbers 


The extraordinary programme of production on which 
the United States has embarked is unquestionably the 
greatest chemical project ever launched. Up to ‘940 there 
was a mild interest in synthetic rubbers in the United 
States. In that year only 3000 tons were made, of which 
barely 60 tons were based on butadiene! In 1941 the 
Baruch Committee put forward a programme for the 
production of 1,037,000 tons per annum. The intervention 
of this Committee was necessary to straighten out the 
chaotic situation which had arisen in the United States 
with regard to synthetic rubber. It was also necessary to 
clean up the very murky patent situation which existed, 
and which caused much heart-burning. 

Early in 1943, plant capacity for 815,000 tons had been 
authorised, and the necessary plant was well under con- 
struction. In May the then Rubber Director, Mr. 
Jeffers, announced that 275,000 tons of synthetic rubbers 
would be produced in 1943, and the entire programme 
would be covered during 1944. (The actual production 
for 1943 was over 250,000 tons.) It was also learned that 
the production of individual plants was likely to exceed 
their rated capacity. It seems quite clear, therefore, that 
within a year or so the United States is likely to have a 
capacity of about 1,000,000 tons of synthetic rubber per 
annum. Canada is building up to a capacity of 40,000 tons 
per annum. Russian production is considered to be of the 
order of 90,000 tons per year and Germany makes about 
70,000 tons. 

Sponsored with such energetic drive in many quarters, 
the concentration of research on synthetic rubbers since 
the attack on Pearl Harbour is likely to produce results 
which may revolutionise many aspects of chemical activity 
in the future. Perhaps even more important from an 
economic point of view are the repercussions it is likely to 
have on rubber growing. There will also be many other 
effects—in the scientific field, the technical field, the’ 
economic field, and the political field. 


The Various Types 


There are many types of synthetic rubber-like materials 
now available, some of them overlapping into the plastics 


Fic. 1.—A glimpse of the storage tanks for butadiene and styrene at the plant operated at West Virginia 


by the U.S. Rubber Company for the U.S.A. Government. 


A storage capacity of 360,000 gallons is sufficient 


to operate the plant for three days and is equivalent to enough rubber to make 190,000 passenger car tyres. 


Fic. 2.—Blending Tanks. 
concrete storage at the Institute Plant. 


Many batches of synthetic latex are batched and blended in twelve 30,000-galion 
This blending assures uniformity of the product. 


The rubber content 


of the synthetic rubber latex is then coagulated and separated in the form of flocs or crumbs. 


Fic. 3.—Butadiene Purification. 
polymerisation at the Institute Plant. 


An inhibitor is added to butadiene in storage to prevent premature 
The inhibitor must then be removed in complicated chemical appara- 


tus, shown in the picture, before butadiene is pumped to the reactor area. 


Fic. 4.—Transfer Pumphouse. 


The raw materials, butadiene and styrene and many special chemicals, are 


moved by pumps and pipe lines from storage to the reactor areas. 


Fic. 5.—Reactors. 
glass-line vessels called reactors. 


The actual making of synthetic rubber is called polymerisation and takes place in large 
In the Institute Plant there are a total of 72 such reactors for the annual 
production of 90,000 long tons of synthetic rubber. 
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FiG. 6.—Blow-Down Tanks. When polymerisation has reached the proper point, the batch is blown down 
by butadiene pressure to the blow-down tanks. In the blow-down tanks, the reaction is arrested. The 
unreacted butadiene and styrene are then recovered. 


Fic. 7.—Washing. After certain dilute chemicals have been recovered the synthetic rubber in the form 
of flocs or crumbs is washed and excess water is removed. 


FiG. 8.—Drying. Buna synthetic rubber is dried by passing back and forth three times in 12 enormous 
driers. At full operation these driers will evaporate 100 tons of water per day. 


FiG. 9.—Packaging. The loaves of baled rubber are packed in cartons in order to protect the loaves and to 
avoid loss in shipment. At full operation, the Institute Plant produces 9,000 such rubber loaves daily, the 
equivalent of one-sixth of America’s normal peace-time production for all purposes. 
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field. They range from synthetic rubbers having a close 
chemical relationship to natural rubber to rubber-like 
' materials having no sort of connection. The former have 
"been derived by consideration of the properties and 
‘structure of rubber. They include, in particular, materials 
4 hich are based on butadiene. Butadiene is closely 
"related chemically to isoprene, which is considered to be 
Mhe chemical foundation of natural rubber. The leading 
‘types are shown in Table I. 

_. By far the most important synthetic rubber is GR-S, or 
A una S, which is the major American production. Atten- 
Aion in this article is focused mainly on GR-S. This 
mesembles the German Buna S. Other materials which 
have attained considerable importance include Perbunan, 
neoprene, etc. Outside this family of materials there are a 
number of others, notably Butyl rubber and polyisobuty- 
Hlene, which are true rubber-like materials. Then there are 
"those such as the ethylene polysulphides (e.g. Thiokol) 
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particularly petroleum products. However, this does not 
apply to GR-S and butyl rubber, which nevertheless are 
excellent in nearly every other respect. 

Synthetic rubbers have high resistance to deterioration 
or ageing. This applies to nearly all the conditions which 
undermine the utility of natural rubber. These conditions 
include exposure to oxygen, to ozone from electric dis- 
charges, to ultra-violet light, and to high temperature. In 
this connection most of the disadvantages of rubber are 
explained by its chemical unsaturation. Some credence is 
lent to this idea by the fact that saturated materials such as 
polyisobutylene and polyvinyl! chloride are exceptionally 
resistant. 

The flex resistance of synthetic rubbers is also generally 
superior, in some cases, e.g. butyl rubber, incomparably so. 

Synthetic rubber compositions in general offer greater 
obstruction to the passage of liquids and gases than do 
rubber compounds. To some extent this is attributed to 


























TABLE | 
LEADING SYNTHETIC RUBBERS 
Tvpes of . ‘in Par | 
Synthetic Rubber Composition. Raw Materials. Manufactured in 
GR-S 75% Butadiene Butadiene from: ‘U.S.A. 
or Buna § 25% Styrene (a) Petroleum refinery gases Germany 
(5) Carbide from coal and lime U.S.S.R. 
(c} Grain, etc. 
Styrene from coal or petroleum 
SK Rubber Butadiene All above sources U.S.S.R. 
Butyl Rubber 98 % Isobutylene ‘More easily from Petroleum waste U.S.A. 
2% Isoprene gases 
Neoprene Chloroprene Carbide, salt U.S.A. 
or GR-N U.S.S.R. 
Germany 
Thioplasts Ethylene polysulphide Petroleum, Wastes, Coal, Sulphur, U.S.A. 
(e.g. Thiokol) Salt Germany 
U.S.S.R. 
Britain 















which have found wide application. Materials over- 
lapping into the plastic field include polyvinyl chloride, 
polyvinyl butyral, ethyl cellulose, etc., which all have 
certain rubber-like characteristics. These are not considered 
_-* 7] in this discussion. 

oe The outstanding feature of the leading types of synthetic 
~~ 4 rubbers is that they all have to be processed and vulcanised 
in much the same way as practised with rubber. The 
7% skilled labour and the plant is therefore readily available 
a everywhere. They involve the use of the same machinery, 
¢.g. mixing mills, calenders, vulcanising equipment, etc. 
They also involve the addition of most of the usual 
compounding ingredients used in rubber, but not always 
with the same object. 


Advantages of Synthetic Rubber 


Before the present situation of shortage of natural 
rubber arose, synthetic rubbers achieved some popularity 
in spite of their high cost, because they possessed 
superior properties. The outstanding property that nearly 
all enjoyed was their resistance to the influence of solvents, 





the absence of materials such as proteins and carbohydrate 
products which are present in rubber. Differences in 
structure also undoubtedly contribute to this property, as 
shown in Table II. 

The lower permeability of synthetic rubbers to gases 
is a factor of very great importance at the present time. 
GR-S and the other Bunas are approximately about 
the same as natural rubber in this respect, but Perbunan 
is at least twice as good. 

Materials such as neoprene and the polyvinyl chloride 
products have very great resistance to burning, largely 
due to their content of chlorine. This is a great advantage 
over rubber. This property does not, however, apply to 
GR-S. The position can be briefly summarized as follows: 

Natural rubber is superior in: 

. Processing properties. 

. Extensibility (in most cases) and elasticity. 

. Resilience (i.e. low hysteresis loss). 

. Maintenance of elastic properties at low 
temperature (in most cases). 

5. Tear resistance. 


awh — 
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6. Cutting resistance. and other compounding reagents have been investigated derive 
7. Rapid elastic recovery. and evaluated. point 
Synthetic elastic materials are superior in: The primary problem was, of course, the use of synthetic outst 
1. Resistance to deterioration by oils and organic rubber in tyres. There is every indication that satisfactory and | 
solvents. service can be obtained with tyres made with synthetic These 
2. Resistance to oxidation or ageing: rubber. However, much remains to be learned. Passenger The 
(a) Induced by actinic rays (sunlight, etc.). tyres and tubes can be made without difficulty. Aeroplane a fasc 
(6) Induced by heat. tyres are now being made. Greater difficulty attends the many 
(c) Induced by strong oxidising agents or metals. manufacture of heavy-duty tyres. Thousands of studies plant 
3. Lower permeability to gases and liquids. have been made with different types of filling materials and in the 
It must be admitted that the advantages of the use of with different softeners to obtain compounds which will cries | 
synthetic rubber lie largely in the future. For example at process readily and which will also give the maximum presei 
the present time the production of GR-S is mainly a stop resistance to abrasion with the minimum cracking or begin 
gap—to fill in the almost complete absence of natural chipping of the tread. Willia 
rubber. Since synthetic rubber is a man-made rubber, a So far as suitability of synthetic materials for the major prior 
given type may be made of the highest uniformity and application of tyre making is concerned, the most critical E. St 
designed to fit the needs of the particular article. The real surveys had been favourable. According to the latest Manc 
future for any synthetic rubber lies in its ability to do a evidence, GR-S will give certainly 90% of the wearability the bi 
better job than rubber or to perform a function which can obtainable from rubber. It is quite satisfactory for use in Weizr 
be performed by no other material. inner tubes. It is found that a certain amount of crude a 
this ce 
TABLE II » 
PHYSICAL PROPERTIES OF SYNTHETIC AND NATURAL RUBBER notab 
Tensile hore Max. SRE Heat Abrasion Sunlight Ageing Machinin thetic 
5.G. ies hardness\'(7 Fy sé > effect. resistance _ effect. effect. qualities. large- 
E S i ee By The 
GR-S or Buna S 0-94 3800 _ 15/90 300 — Stiffens . Equalto Slight Equal to rubber Can be ground of acl 
Butyl i te 0-91 | 500/3000 15/90 | 250/300 25,000 Softens sl. rubber None Better than rubber Can be ground piones 
Chemigum-Oil Res... 1-0/1-5 | 800/4000 30/90 | 300 —  Suff —. nae o Stiffens Can be ground during 
Hycar OS, hard be 1-1/1-3 | 4000/11000 — |, 300 — Softens 300°F. Good V. slight None Excellent synthe 
Hycar OR, soft is 0-99/1-6 | 1000/4500 15/95 300 — ‘Stiff. sl. Excellent Slight Highly resistant Can be ground 
Neoprene .. 1:25/1-30 | 1000/4500 15/95 | 300 -- Softens sl. Excellent None Highly resistant Can be ground sky al 
THOkO FA. 138. | 800” | 3890 | 300 — Hardens FG. "| None a. a havin; 
ce ‘ss Z ° AU. xcelient 
Natural rubber, hard —=—-117/1-18 | 4000/11000 | 70/100, 220 — Softens Good Discolours None Excellent The ° 
Natural rubber, soft 0-93,/1-17 1000/6000 30/80 , 150/180 — Softens and Excellent Deteriorates Highly resistant Can be ground : 
ie. | deforms Russi: 
appre 
Processing Difficulties rubber is still necessary in making up carcases and sidewalls based 
of tyres. However, not more than 20% of a heavy GR-S Com 
It is true that synthetic rubber-like materials are in tyre would need to be crude rubber. To 
general more difficult to process than natural rubbers. But There is another factor of outstanding importance— first cc 
it is a noteworthy fact that the art of compounding natural — change in design. The chief cause of failure of synthetic In 19: 
rubber has really seriously been carried forward only during rubbers in tyres has so far been the high heat build-up, with from ¢ 
the last 20 years. The compounding of most synthetic its adverse effect on the cotton in the tyre carcase and and o 
rubbers has a history of only a few years. In the case of sidewalls. It has been shown that rayon carcases will like ri 
the oldest commercial type—neoprene, with a history of — withstand much higher temperatures—in fact for heavy- heat ¢ 
fourteen years—there are now very few difficulties in duty: tyres there is a trend for rayon to replace cotton for resem 
processing. Other types have a shorter history andare not — this reason. Thus rayon is said to be as effective at rubbe: 
quite so far advanced. With the heavy pressure of inten- 105°C. as cotton is at 75°C. ‘It is considered very likely that ‘non-ir 
sified world-wide effort great advances can be anticipated the use of rayon together with synthetic rubbers may teristi 
during the next few years. ; greatly alter the situation, and may overcome some of the neopr 
The manufacture of finished articles from crude difficulties now being experienced. rubbe: 
synthetic rubber has been a difficult task involving con- Aln 
siderable research. As the manufacture of synthetic . 
rubber expanded, technical men were busy learning how The Background of Synthetic Rubbers re 
to mix and process the material. They had to start The study of synthetic rubbers over a period of 80 years 
from scratch. Manufacturers had to try to forget many has produced some notable advance in chemical knowledge ES’ 
of the things they knew about natural rubber and re- and technique. In fact, until the last few years the chief a 
orientate their practice to suit the new rubbers. value of work on synthetic rubber Jay in the immensely SAE 
In order to use synthetic rubber most efficiently, it has important by-products arising from that work. Numerous US. 
been necessary to test hundreds of softeners or plasticisers contributions to other chemical industries have been made. US. 
so that the most suitable materials might be selected to In particular one might mention the natural rubber in- Gert 
give desirable properties. Special pigments, accelerators, dustry and the plastics industry, both of which have : 
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derived considerable benefit from this study. From the 
point of view of fundamental chemistry there have been 
outstanding achievements in the field of polymerisation 
and in the study of the structure of large molecules. 
These affect many industrial activities. 

The historical background of this form of production is 
a fascinating story. Its development has been shared by 
many countries. It is interesting to note that before the 
plantation industry became established, Great Britain was 
in the forefront of this work. Many fundamental discov- 
eries were made here which have greatly contributed to 
present-day achievements in other countries. Before the 
beginning of this century, Greville Williams and Sir 
William Tilden had made important discoveries. Just 
prior to the last war, W. H. Perkin, Jnr., F: Matthews, 
E. Strange and C. Weizmann, working as a team in 
Manchester, developed methods of production which are 
the basis of methods used both in U.S.S.R. and Germany. 
Weizmann is still a leading figure in the raw materials field. 

After the last war no further interest could be roused in 
this country. Germany and Russia took the lead, with the 
U.S.A. mildly interested. Prior to the’ last war, the 
German chemists had always been active and included 
notable personalities such as C. Harries and F. Hofmann. 
No outstanding personalities have emerged from the syn- 
thetic rubber field in Germany in recent years, despite 
large-scale production. 

The Russians have always been outstanding in this line 
of activity. At the end of last century, I. Kondakoff 
pioneered the method subsequently used by the Germans 
during the last war. But the two outstanding names in 
synthetic rubber history are unquestionably I. Ostromislen- 
sky and S. V. Lebedev. The Russians were fortunate in 
having the services of the latter until a few years ago. 
The work of these two laid the foundation of the 
Russian large-scale production. In due course it may be 
appreciated to what extent American success is likewise 
based on their ideas. 


Commercial Production 

To the great credit of the Americans, they produced the 
first commercial synthetic rubbers—Neoprene and Thiokol. 
In 1930, W. Carothers was able to produce chloroprene 
from acetylene. Subsequently he polymerised chloroprene 
and obtained a material which behaved in many respects 
like rubber. Although initially plastic, the application of 
heat caused it to set to an elastic material, the process 
resembling the vulcanisation of rubber. The synthetic 
rubber thus obtained was notably resistant to oil and was 


‘non-inflammable. Accompanied by other desirable charac- 


teristics there was an immediate demand, and of course 
neoprene is now one of the best known types of synthetic 
rubber. 

Almost at the same time J. Patrick evolved Thiokol—a 
rubber-like material, also characterised by great resistance 
to oils and solvents. 








TABLE III 
ESTIMATED OUTPUT OF SYNTHETIC RUBBER 
i Oe), 1 i), 
a. 5 10 . fo. 
U.S.S.R. bor Sopa 2204 53,000 90,000 
Germany ea 10 10.000 | 70.000 
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Some years later, about 1935, the first German synthetic 
rubbers began to appear. The first types were sodium 
polymerised materials based on butadiene. However, 
after a comparatively short time, these gave way to 
improved materials which were co-polymers of butadiene 
with a smaller proportion of a second ingredient, notably 
styrene in the case of Buna S, and acrylic nitrile in the 
case of Perbunan. A further improvement was the evolu- 
tion of the process of emulsion polymerisation in their 
preparation. By this procedure emulsions of the monomers 
are prepared and subjected to polymerisation. The 
product is obtained as a dispersion somewhat similar to 
rubber latex and has to be coagulated, for example by 
means of an acid, in order to obtain the solid product. 

The raw material which the Germans employed was 
chiefly calcium carbide, which was made on a large scale. 
So far as is known this still predominates as raw material. 
The preparation of butadiene from carbide was carried out 
through the aldol synthesis. Once again the Germans had 
reverted to discoveries made at a much earlier date for 
their production of synthetic rubber, in this instance the 
procedure developed at Manchester by Perkin and his 
collaborators. 

Although the process of sodium polymerisation has given 
way to the technique of emulsion polymerisation, yet the 
aldol synthesis is still a leading feature of German 
production. 

During all this time there had been intensive activity in 
the production of synthetic rubber in the U.S.S.R. A very 
large scale of production had been built up at an early date. 
Their first synthetic rubber tyres were tried out in 1933 in 
Moscow. The world re-echoed to the jeers of ridicule that 
greeted this achievement. Nevertheless, it made the Germans 
think. A few years later they were vying with the Russians. 

The earlier form of production carried on by the Russians 
was largely based upon the use of alcohol which they 
obtained from potatoes and cereals by fermentation 
processes; this was the basis of their SKB rubber. In 
more recent years there has been a great deal of activity 
with petroleum derivatives along the lines which have 
become familar in the United States. Butadiene, obtained 
by heat cracking processes from petroleum, is used to make 
SKA rubber. The process of sodium polymerisation very 
highly developed still remains the predominating method. 
There is a growing interest in the process of emulsion 
polymerisation. 

There has been intensive work on synthetic rubber in the 
United States during the last 10 years, and which prepared 
the way for the enormous production programme which is 
well under way. The speed and efficiency with which this 
is being carried out is the best illustration of what can be 
done by co-operative effort suitably co-ordinated. Many 
hundreds of thousands of tons of GR-S are scheduled for 
production, with rather smaller quantities of materials 
such as neoprene, butyl rubber, perbunan, etc. Prior to 
the recent rationalisation of types as outlined in the 
Baruch Report, a number of interesting proprietary 
materials had been developed, notably Hycar rubbers and 
Chemigum rubbers. In both cases they were based on 
co-polymers of butadiene and monomers such as acrylic 
nitrile. The materials had in general extremely good oil 
resistance and heat resistance, properties which had very 
attractive commercial possibilities. 
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Raw Materials and Leading Processes 


[t is interesting to consider raw materials from the angle of 
the United States. The Americans use alcohol from grain, 
petroleum derivatives, and acetylene from coal and lime. 

Acetylene is only used for the production of neoprene. 
Alcohol and petroleum predominates for GR-S. The 
production of GR-S hinges on the production of butadiene. 
An output of 750,000 tons GR-S involves nearly 600,000 
tons butadiene. This is more than 250 million gallons, or 
more than twice the amount of ethyl alcohol produced 
each year in the United States before the war. Within 
three years butadiene has developed from a laboratory 
curiosity into a major chemical. 

About two-thirds of the butadiene will be obtained 
from petroleum sources, the remainder from alcohol. 
Butadiene is obtained from petroleum derivatives by a 
number of methods. Until quite recently, practically all 
the petroleum butadiene produced in U.S. was derived by 
high-temperature cracking. 

In addition to butadiene, thermal cracking of gas oils or 
naphthas at high temperatures also yields other useful 
products, including large quantities of olefines and 
aromatics. There is a close connection between the 
manufacture of butadiene by this method and the produc- 
tion of high-octane aviation fuel. There has been acute 
competition for priority and to a great extent this accounts 
for a slowing down in production of butadiene in favour of 
high-octane petrol. Murphree has stated that, other 
conditions being equal, the yield of butadiene increases for 
different feed stocks in the following order: 

(a) aromatics, (5) paraffins, (c) olefines, 

(d) naphthenes (cyclo-paraffins), (e) unsaturated naph- 

thenes (cyclo-olefines). 

Several petroleum companies have worked on the 
production of butadiene from butane, which is available in 
large quantities in petroleum refining. In the past this has 
been a waste product. If butane is the starting material, it 
is then first converted to butenes and then to butadiene by 
successive dehydrogenation. Where butenes are available 
from oil-cracking operations they may be converted 
directly to butadiene without going through the former 
step. In order to obtain good yields it is necessary to 
carry out these operations with a catalyst. Much work 
has been devoted to finding the most suitable catalytic 
agents. 

All these petroleum operations require reactivation or 
decarbonisation of the catalyst. This means a cycle of 
operations involving reaction and reactivation in regular 
sequence. 

The mainstay of the American synthetic rubber pro- 
gramme so far has been the use of alcohol obtained from 
agricultural sources, e.g. fermentation of wheat, corn, etc. 
Most of the butadiene used in the production of GR-S at 
present derives from these sources. In due course, when 
once more available, molasses may prove to be a cheaper 
source of alcohol. These processes are among the most 
outstanding illustrations of the influence of Russian work 
on current forms of production. The leading process 
worked by Carbide & Carbon Corporation resembles the 
method worked out by Ostromislensky in 1916, but it is 
more efficient. In this, alcohol and acetaldehyde (readily 
obtained from alcohol) are passed over dehydration 
catalysts to give butadiene. Another method worked by 
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the Publicker Company resembles the process worked out 
by Lebedev in 1933. This ts a direct catalytic conversion 
of alcohol to butadiene. Russian data claims the high 
yield of 5-9 Ib. per bushel of grain,.while American yields 
are of the order of 5 Ib. butadiene per bushel. 

New fermentation processes in the U.S. have opened up 
further possibilities. Christiansen has evolved a method 
of fermenting starch from grain selectively to 2-3 butylene 
glycol, followed by dehydration of the glycol to butadiene. 
Elder states that | bushel of corn gives from 14 to 15 Jb, 
glycol yielding from 7 to 7:5 Ib. butadiene. This ts the only 
process giving butadiene 98-5°%% pure, i.e. as required for 
further processing. The other methods involve purification 
of the butadiene. 

Styrene, the other major ingredient of GR-S, is obtained 
synthetically from benzene (derived from coal or petroleum) 
and ethyl chloride (derived from petroleum and brine). 
Butadiene and styrene are emulsified and subjected to a 
heat treatment, at the end of which a latex is obtained, 
very similar in appearance to rubber latex. The GR-§ 
latex is coagulated by means of acid, washed, and formed 
into crepe-like sheets. It is issued in this form as the raw 
material for rubber manufacturers. 


Future of Synthetic Rubbers 


It is interesting to consider briefly, the future of synthetic 
rubbers in relation to natural rubber. The facts are that 
there is this vast quantity of synthetic rubber available in 
the United States at the present time. It is being used on 
a very large scale indeed. The whole range of rubber 
products is being produced. 

The most important rubber products are tyres and inner 
tubes, and despite many technical difficulties GR-S is 
already employed in their make-up. There have been 
many problems in the technical application of GR-S owing 
to the fact that it is not so easy to process as ordinary 
rubber. It lacks adhesive properties in particular. How- 
ever, in combination with a minor proportion of natural 
rubber or reclaimed rubber, many of the difficulties are 
eliminated and satisfactory products can be derived. This 
is the practice in every country where synthetic rubbers 
are employed. The use of GR-S is likewise spreading in 
this country as stocks of raw rubber dwindle. It is 
anticipated that large quantities of GR-S will be employed 
in the near future. 

Apart from GR-S, the other synthetic rubbers are also 
being used in fairly considerable quantities. In particular, 
neoprene is a highly satisfactory material, hdving some 
advantages over both raw rubber and GR-S, for example 
in its resistance to oils and its non-inflammability. So far 
as handling in the factory is concerned, the procedure has 
been evolved over the last 14 years, and presents few 
difficulties. Other specialised materials which find applt- 
cation include Thiokol, Butyl rubber, Perbunan, etc., but 
these are of comparatively minor importance. 

Large-scale synthetic rubber industries are already well 
established in the United States, in Russia, and in Germany. 
The permanency of the two former industries appears to be 
established beyond reasonable doubt. The only question 
is the size which the industry will attain. It is desirable to 
contemplate the relationship between natural rubber and 
synthetic rubber in the future. 
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Practically all natural rubber derives from the area 
around the Malay Peninstila. This supplied well over 
1,000,000 tons a year, until the Japanese took possession. 
This rubber was derived from something like 800,000,000 
trees. Production was carried out by two sharply defined 
groupings which each accounted for roughly half of the 
business. There were the large, well-organised, highly 
capitalised estates, with high overhead expenses, and there 
were the small native smallholders with hardly any overhead 
expenses. 

The relationship between synthetic rubber and natural 
rubber obviously now depends upon the availability of 
natural rubber. This in its turn depends upon the existence 
of the estates and the smallholdings. These are under 
Japanese control. Therefore the first points to consider 
are: (a) how long it will be before the Japanese are evicted ; 
(b) the condition of the plantations; and (c) how soon trees 
can be brought into production. 

With regard to the first question, so far as it is possible to 
make any suggestions as to when the Japanese may be 
evicted, it seems certain that this is unlikely within the next 
18 months, and a minimum of 2 years is a reasonable 
estimate. 

The conditions of the plantations, trees, etc., is a matter 
for conjecture. There are several possibilities: 

(1) They will be maintained in perfect working order, 

and handed over as such. 

(2) They will be neglected, but otherwise unharmed. 

(3) They will be more or less completely destroyed. 

It is interesting to examine these possibilities. Since 
“hope. springs eternal in the human breast’’, everybody 
concerned with rubber-growing, i.e. shareholders, etc., 
speak as if the first is the most likely possibility. Actually, 
it seems least likely. If it did come about, then raw 
rubber would be immediately available, subject only to 
transport and minor reorganisation problems. Imme- 
diately the competition between natural and synthetic 
rubber would be joined. 

If the trees have been neglected, it is suggested by com- 
petent authorities that they would not have come to any 
great harm, and may in some respects have benefited by 
the rest from tapping. In many respects this conflicts with 
Statements published by the same authorities under 
different circumstances. However, the statement may be 
accepted for the purpose of considering the position. In 
such an event it can be said that a limited supply of rubber 
would be almost immediately available, and the production 
would grow fairly rapidly, possibly reaching the full point 
of recovery within a period of say two years. There 
would in due course be a check in production owing to the 
lack of replanting and the absence of young trees caused by 
neglect during the interim period. This condition could 
not arise if the Japanese have continued rubber production 
with the idea of thereby maintaining a potentially great 
asset. 
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The third possibility, namely. that of the destruction of. 
all the trees is frequently left out of court as being an 
impossibility. However, | do not think it can be dismissed 
too lightly. It would indeed be an enormous task to cut 
down 800,000,000 trees. It is by no means an impossi- 
bility. On the other hand, it is not necessary to cut a tree 
down to render it useless. An axe driven into a tree will 
perform the same purpose. With millions of coolies at 
their disposal it seems fairly evident that if the Japanese 
were determined on the ruthless extermination of rubber- 
growing, they could do it. Teams of coolies, encouraged 
by tommy-guns, could easily attain this object within a 
comparatively short time, even a few months. The 
organised plantations would be a fairly easy proposition, 
large numbers of trees being easily accessible. A Japanese 
edict to smallholders to forbid rubber growing would 
eliminate their trees in no time. This is of course the 
grimmest possibility, but it must be considered. 

Considering the various alternatives suggested, there 
are some interesting situations possible. It is certain that 
for at least four years, irrespective of what happens, 
synthetic rubber will predominate almost exclusively. 
The extraordinary performance of the Americans in 
attaining such an enormous production of synthetic rubber 
within a few years suggests that within such a space of 
time, they, together with other interested parties, i.e. 
consumers in Great Britain and elsewhere, may eliminate 
all remaining processing difficulties. They may also bring 
the price of the product down to a level which might 
compete with raw rubber when it does return. In these 
circumstances there are the prospects of serious competi- 
tion between synthetic rubber and natural rubber. There 
are the seeds of great conflict between rubber-growing 
interests and synthetic. rubber producers. This covers 
the possibility most favourable to rubber-growing 
interests. : 

The second possibility of neglected plantations merely 
increases the time factor during which synthetic rubber has 
an opportunity of making good any deficiencies in per- 
formance or cost. It merely postpones the full develop- 
ment of competition between the two classes of 
materials. | 

The gloomiest forecast is that in which synthetic rubber 
has a completely free field, while rubber-growing starts 
from scratch. It implies a set of conditions where natural 
rubber will be a minor form of production for many years, 
while completely new plantations are being brought to 
fruition. It implies the complete reorganisation of the 
rubber-growing industry. 

‘Whichever prospect is realised, it seems quite clear that 
synthetic rubber production will have an absolutely clear 
field possibly for the next five years. It is therefore 
absolutely essential for us in this country to consider 
these materials with the utmost seriousness and con- 
centration. 





Locusts as Pests 


FROM a small room in the Natural History Museum at Ken- 
sington, Dr. B. P. Uvarov is directing a war to kill millions 
of locusts in a vast territory, stretching from India to Africa. 
Dr. Uvarov is the entomologist on the staff of the Anti-Locust 
Centre in London, which serves as the intelligence headquarters 
for the anti-locust campaign. Here each day cables are received 
from such countries as Arabia, Persia, Egypt, Kenya and 
French Morocco, which report the movements of locust swarms 


giving precise details of longitude and latitude, and time seen. 
From this, and other data, Dr. Uvarov and his colleagues are 
able to forecast exactly where the danger of locust invasion 
will be most accurate. An ever-changing map projection traces 
the movement of the locusts day by day. 

When he returned recently from consultations in Africa. 
Dr. Uvarov brought back with him a locust as a souvenir and 
pet. 
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TUBERCULOSIS is a disease to which young men an| women i! 
In.wartime these are the people who are bearing th: brunt of 
a birth-rate which on the whol. has registered a tendency to’ 
men and women, who will do the hard work of recgastruction. 

To protect these important citizens against the ;courge of 
prove living conditions and to have a means of early diagnos 
past it has been a most expensive business to make an X-! 
people because each X-ray required the exposure of a large a 
radiography which is now being brought into increajing use, pe 
of subjects at a comparatively low cost, and enables the medic 
examination to those who show some signs of having contrac 

The essential difference between ordinary radiography and 
case a direct full-sized shadow picture of the lungy's made by 
and on to a photographic film, whereas in the secd\d case an 
which is suitable for preliminary diagnosis. 

It has long been radiographic practice in order to inspect t 
an alternative to making a permanent record on ; film, to | 
with a substance, such as barium platinocyanide, which lights 
upon it. X-rays are of course not visible to the hitman eye, 
front of a patient and then allowed to fall, after pas ing throug 
illuminated picture of the internal organs and >ony struc 
transmitted X-rays. 

The process of mass radiography consists in photograph 
ordinary cinema film. Many photographs may thus be 
individual pictures may later be magnified by projei tion for ex: 
that tuberculosis may be present, the patient can le re-exami 

The series of pictures shows men of the Royal Savy being « 

The first photograph shows a man standing in fiont of the 
behind the apparatus. The arched construction catrying the X 
or lowered to suit men of different heights. The tuteison the 
end of the converging ** box’’, is on the right. 

Figure 2 shows a different view with the X-ray tube in the for 
right, about to make the exposure. 

Each man, before examination fills in a card giving his persc 
which is photographed on to his own radiograph. Figure 3 sho 

Figure 4 shows a strip of film bearing a large number of radio 

Figure 5 shows a radiograph being projected ona xreen at ar 
The ribs of the patient can be seen, together with 1s collar be 
bottom of the photograph is the shadow of his heart, Beneath c 

Figure 6 shows the radiographs -being stored injilbums for | 
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Radiography 


>h young men ani| women in their twenties are particularly subject. 
ho are bearing th: brunt of the actual fighting. In peacetime, with 
1as registered a tendency towards reduction in past decades, young 
hard work of reconstruction and rebuilding, are precious assets. 

zens against the ;courge of tuberculosis it is necessary both to im- 
ve a means of early diagnosis of tuberculosis of the lungs. In the 
ve business to make an X-ray examination of a large number of 
ed the exposure of a large and costly film. The technique of mass 
‘Ought into increaing use, permits the examination of a large number 
Cost, and enables the medical man to restrict his expensive detailed 
ome signs of having contracted the disease. _ | : 

1 Ordinary radiography and mass radiography is that in the former 
‘ture of the lung} made by passing the X-rays through the subject 
Nereas in the secd\d case an indirect and very small picture is made 
liagnosis. 

yractice in order jo inspect the internal organs of a patient, and as : ; pare 
anent record on : film, to produce an image on a screen coated q ; ee vw . * 
platinocyanide, which lights up or fluoresces when X-rays impinge pee ie Dial 
t visible to the htman eye, but if a source of X-rays is placed in 
d to fall, after paging through him, on a fluorescent screen, a faintly 
al organs and sony structure will be seen, produced by the 


phy consists in photographing this faintly illuminated image on 
yhotographs may thus be taken on a small area of film, and 
iagnified by projec tion forexamination. Ifthe small picture suggests 
the patient can le re-examined and a full-sized radiograph taken. 
>n of the Royal Navy being examined by mass radiography. 

nan standing in fiont of the screen with a queue waiting their turn 
1 construction catrying the X-ray tube and the camera can be raised 
heights. Thetuteison the left; the screen, with the camera at the 
yn the right. 

with the X-ray tube in the foreground and the second operator back 


fills in a card giving his personal particulars, on which is a number 
wn radiograph. Figure 3 shows the card being placed in the camera. 
aring a large number of radiographs. 

ng projected ona xreen at an enlargement suitable for examination. 
n, together with Ws collar bones. At the right centre towards the 
adow of his heart Beneath can be seen the picture's serial number. 
;-being stored in jlbums for reference. 





































The Night Sky in April 
M. DAVIDSON, D.Sc., F.R.A.S. 

The Moon.—Full moon occurs on Saturn’s Rings.—The rings of Saturn 

April 8d. 17h. 22m. U.T., and new moon make the planet unique in the field of 

on April 22d. 20h. 43m. The following astronomy. There are three of them, all 

conjunctions take place: lying in the same plane which is the plane 
April of the planet’s equator, but a_ large @ 
3d. 14h. Jupiter in  con- telescope is required to show the spaces Vv 
junction with the between the rings. The inner ring starts i 

moon, Jupiter O'1°S about 7,000 miles from the equator of 

21d. 1fh. Venus ,, Venus 3 N. Saturn and the outer edge of the outer iss 

26d. 12h. Saturn ,, Saturn 2 N., ring is over 48,000 miles from the surface 

28d. 09h. Mars _,, Mars 3 N. of the planet. The thickness of the rings 

30d. 21h. Jupiter ,, Jupiter 0°4 S. is very small in comparison with the width, 

and is probably about 10 miles. The 
The Planets.—Mercury rises at 6h. 01m., rings consist of small particles of matter of ALTHO 
Sh. 27m. and 4h. 38m. at the beginning, meteoric sizes, varying from specks like ople 
middle, and end of April, the corres- dust or grains of sand to pieces as large as “ a8 

ponding times of setting being 19h. 51m., ._ sas, a Cricket ball, and all these myriads of 
30h. Sim.. and 19h. y baa eThe planet The py po ae Sat gc particles are pursuing their own orbits result | 
attains its greatest eastern elongation on amped . “oe ‘ or i ee round the centre of the planet. It is for the 
April 12 and is stationary on April 22, 2#Urn rete weigh aor 4 Mar bei , Possible that a small body like a tiny various 
Venus can be seen in the morning hours, tre ° ym 7 ae ram Son of satellite had come too close to Saturn : 
the times of rising at the beginning, h one ° 4d S: tn Tr “ia cam also. if the past and in consequence of this For 
middle, and end of the month being ae - i J aturn. .o-- A 7 close approach was disrupted by the people 
Sh. 13m., 4h. $5m., and 4h. 20m. Mars is $3°th. Feb. ccbital motion being then _£ravitational pull of the massive planet. enougt 
visible until the early morning hours, 7° ene are ‘in orbita Se ah “tie he n The gaps in the ring which divide it into war th 
setting at Ih. S8m., Ih. 3lm., and % "ahi ag ol i a from the direction three parts are due to the disturbance 
lh. at the beginning, middle and end of '™ ich Jupiter lies. caused on the particles by certain of the many « 
the month. Jupiter rises at 13h. 10m., satellites of Saturn. The name “ pertur- who ha 
12h. 1Sm., and 11h. 18m. at the beginning, bation” is given to the disturbance to heal 
middle and end of the month. The planet produced by the pull of one body on to ensu 
iS Stationary on April 13. Saturn sets another, and calculations show that eae 
about midnight in the middle of April. special perturbations by certain satellites this vit 
Amateurs equipped with a small telescope would be expected on particles revolving plane | 
can obtain a good view of the rings, a round Saturn, just where the gaps are to the 
photograph of which is shown. found. depend 
Times of rising and setting of the sun Meteors.—The Lyrid meteor shower is ; . 
and moon are given below. the latitude of due from April 18-22, and will probably vitamin 
Greenwich being assumed : reach a maximum a —_ ee These The 

; meteors are cause y the debris ol 
April Sunrise Sunset Thatcher’s Comet (1861 i) which is ag 

I oh. 36m. 18h, 33m. spread round the orbit of the comet, 
15 Sh, OSm. 18h. 56m. colliding with the earth between the dates advance 
36 4h. 34m. 19h, 20m. given above. The radiant is at R.A. dehydr: 
April Moonrise Moonset 18h., Dec. + 33°. vegetab 
I = — 2h. neg someth 

15 lh. 09m. 9h. 33m. 

30 10h. 50m. ih. 50m. produc 
dehydr: 
taste al 
compre 

JUNIOR SCIENCE enorme 
What Makes an Aeroplane Fly? — 
| p y . very sm 
‘ ae The | 
You know that an aeroplane cannot stay is also called. The blades of the airscrew secondly by allowing a grip for the ad 
up in the air unless it Keeps moving. And get a grip on the air, and by rotating the _airscrew. aqua 
that is the explanation why aeroplanes, airscrew moves forward through the air Most people think that it is mainly the and th 
which after all are heavier than air, do rather like a corkscrew works its way _ pressure of air against the under side of the given o 
not drop to earth. It is the onrush of air forward through a cork. Thus the air wings which forces a plane up. Actually, as well 
against the wings of the fast moving serves in two ways to keep the aircraft however, a great part of the “lifting” 1 ; 
aeroplane—a wind like that which you up; first by blowing against the wings and __ done by airflow against the front edge of Scurv 
notice when looking out of a fast-moving the wing and that is the reason why ‘ 
train—which keeps the aeroplane flying. aeroplane wings are given their peculiar We r: 
A kite can only fly if there is a wind and a shape. You can try that out yourself. due to 
string holds the kite against this wind. Fold a piece of (not too stiff) writing was ex 
It is the flow of air against the kite that » paper sharply in the middle. Place half 
keeps it up. If there is no wind you have of it under the cover of a book and shape long ag 
to run and pull the kite through the air— #j the other half to resemble the wing of al heirogl; 
thus making a wind against the kite—to ’ aircraft (see drawing). If you now blow In Eurc 
get it to rise. against the edge the paper will be lifted up till : 
In an aeroplane the place of the string although no air can get under the‘ ‘ wing”: 
is taken by the propeller or airscrew as it . 
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Fic. 1.—Egyptian hieroglyphs which are believed 
to describe the disease we call scurvy. 


Vitamin C and the Healing of Wounds 





GEOFFREY H. BOURNE, D.Phil., D.Sc. 


ALTHOUGH wars mean suffering and hardship to many 
people, they stimulate the development of many aspects 
of science, and some of the things which we learn as a 
result of the war are ultimately of value in peace-time 
for the whole of mankind. This applies particularly to 
various aspects of medicine. 

For centuries it has been known that the wounds of 
people who are living on a diet which does not contain 
enough vitamin C heal very badly, but it was not until this 
war that the information which has been accumulating for 
many centuries was really appreciated by many of those 
who have to deal with the bringing of injured persons back 
to health. The German army has taken great precautions 
to ensure that all its soldiers receive adequate amounts of 
this vitamin. During the first winter on the Russian front, 
plane loads of vitamin C and other vitamins were flown 
to the German troops in Russia. The Germans have 
depended upon the use of tablets containing synthetic 
vitamin C to supply this substance to the army. 

The British army has endeavoured to supply this im- 


portant vitamin to its soldiers by including in their meals. 


fresh vegetables or their equivalent. One important 
advance in this connection has been the process of 
dehydrating vegetables. Although we have had dried 
vegetables in the past, the new dehydrated vegetables ‘are 
something quite different from anything which has been 
produced before. By the new method, the vegetables are 
dehydrated in such a way that they retain their colour, 
taste and their vitamins; and since by dehydration and 
compression the weight and volume of the vegetables are 
enormously decreased, it is possible to store or to carry 
sufficient green vegetables for a large number of men in a 
very small space. 

The American army, too, is alive to the necessity for 
adequate quantities of vitamin C for the healing of wounds, 
and their troops—particularly those in hospitals—are 
given orange juice, and in some cases synthetic vitamin C 
as well. 


Scurvy’s age-old Role 


We rarely see now the disease known as scurvy, which is 
due to a complete lack of vitamin C; but in the past it 
was extremely common. It was indeed recognised as 
long ago as 1000 B.c., and there are symbols in Egyptian 
heiroglyphics which are believed to represent this disease. 
In Europe scurvy has been known from the earliest times 
up till the introduction and general use of the potato in 


the human dietaries. Inthe Middle Ages it was so common 
in London that it became known as the “‘ London disease”’, 
and epidemics of scurvy were general in most of the large 


- towns in England during this period. 


For centuries scurvy has played a part in the campaigns 
of various armies and of various sea voyages, many of both 
of which have been affected because of the number of men 
who became incapacitated by it. In the 13th century the 
crusading army of Louis IX of France was overcome in the 
Middle East by an attack of this disease. According to de 
Joinville, the Seneschal de Champagne, who accompanied 
this army, the gums of the men who were affected with 
this condition developed great fungus-like growths which 
had to be cut away, and their limbs became black because 
of the leakage of blood from the blood vessels under the 
skin. 

In the invasion of Russia by Napoleon, the number of 
French soldiers who developed scurvy contributed materi- 
ally to the Emperor’s eventual defeat. In 1743 a number 
of British ships, under the command of Lord Anson, 
commenced a voyage round the world. With them went 
Richard Walter, whose duty was to act as chaplain. He 
kept a record of the voyage, and on his return wrote an 
account of it. He tells us that many of the men developed 
the disease, became incapacitated, and died. This account 
of Richard Walter’s is only one of many records of the 
devastation worked by scurvy on the crews of ships 
engaged on long sea voyages. In the ship of Vasco de 
Gama, which went round the Cape of Good Hope in 1498, 
100 out of 148 members of this crew were lost as a result 
of the disease. 

In 1747 Surgeon James Lind of the British Navy showed 
that scurvy could be prevented by lemon or lime juice. An 
Austrian army surgeon named Kramer, who previous to 
this—in 1720—described the occurrence of this disease in 
the Imperial troops of Hungary, had also mentioned that 
it could be cured or prevented by the use of citrus juice. 
By the 19th century it was known that vegetables could 
prevent or cure scurvy, and it was thought that vegetables 
dried by the methods then available would be equally 
effective. The armies of both sides in the American Civil 
War depended upon dried vegetables to prevent them from 
getting scurvy. However, in the Yankee army alone there 
were 30,000 cases of scurvy in five years. The exploring 
expedition of Burke and Wills into the centre of Australia 
was wrecked because of the reliance upon dried vegetables 
as a preventative of scurvy. The disease also seriously 
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Fic. 2.—Method of estimating the tensile strength of a wound: 

A, a piece of skin with a scar which has been cut out of an animal ; 

B, a quarter-inch strip of skin is cut out from A; C, the strip of 

skin is suspended from an iron stand and weights hung from it until 

it breaks across: -shown in D, (a, toothed clips holding the skin, 
5, the scar, c, weights). 


affected the British army in the Crimean War, and it seems 
that most of the soldiers in this campaign suffered at least 
from some degree of scurvy. Scurvy occurred even in the 
1914-1918 war, particularly amongst those fighting in the 
Middle East, and most frequently amongst the Indian 
troops stationed there. The Turkish army and the armies 
fighting on the Eastern front also suffered from it. 

It was Richard Walter, on Lord Anson’s voyage men- 
tioned above, who appears to’ have given the first record 
of the effect of scurvy on the healing of wounds. He 
claimed that when a man got scurvy his old skin wounds 
and old fractures would spontaneously re-open or refrac- 
ture. The limb of one sailor who had broken it at the 
battle of Boyne many years before was said to have 
fractured again in the same place when the man went down 
with scurvy. In the American Civil War it.was found 
that men who showed no outward signs of 
scurvy were liable to develop scorbutic ulcers 
from a very slight injury, e.g. the rubbing 
of the heel of a shoe, a vaccination scar, or 
the scratching of a mosquito bite. In the 
case of some soldiers injured in the Crimean 
War, it was found that fractured limbs failed 
completely to heal until the men were given 
a better diet. 

All these early records made it obvious that 
if a man who had scurvy was injured, his 
injuries were certain not to heal. It was not 
until 1919 that any very detailed investigation 
was made on the effect of scurvy on the 
tissues of the body. Two German doctors, 
Aschoff and Koch, carried out post-mortem 
examinations of people who had died from 
scurvy. They found in particular changes in 
the bones. Blood had leaked into the joints, 
and it was this condition which was probably 
responsible for the complaints of rheumatism 
which the medical officers in the American 
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Civil War found to be the invariable first symptom of 
scurvy in their men. The bones were found to be brittle. 
and the tops of the bones were in many cases found to be 
separated away from the shafts. Leakage of blood into 
the abdomen was also found. There was noticed enlarge- 
ments of various glands and a change on the part of the 
bone marrow into a jelly-like substance. Swellings on the 
ribs, particularly in the region where the cartilagenous 
part of the rib joins the bony part, also occurred. 


Twenty Years of Investigation 


A Danish investigator named Dr. Hojer in 1924 carried 
out a number of investigations on the tissue changes in the 
body of guinea-pigs which had scurvy. It is an interesting 
fact that not all animals need vitamin C in their diets. 
The animals which need it include only guinea-pigs, 
monkeys, apes and man; and in guinea-pigs with scurvy, 
essentially the same changes are found to be present 
in the tissues which occur in human beings suffering 
from the disease. In this condition in guinea-pigs, it is 
found that there is a defective formation of the teeth. It 
had been noticed before in human beings with scurvy, that 
in the final stages of the disease the teeth became decayed, 
loose in their sockets and were liable to fall out; but 
most of the people suffering from scurvy on whom post- 
mortem examinations were carried out were adults and 
their teeth had stopped growing. In guinea-pigs, it is 
possible to investigate the effect of vitamin C deficiency 
on the formation of the teeth. Most of this work was 
carried out in great detail by Professor Wilfrid Fish and 
Dr. L. J. Harris in Britain in 1934. 

The front teeth or incisors of the guinea-pig grow all the 
time throughout the animal’s life, but it normally nibbles 
hard food and wears down the ends of the teeth as they 
grow up from the bottom. Consequently, it has been 
possible to examine in detail what happens to the cells 
which produce the various structures of the tooth when 


Fic. 3.—Section through skin wound made a week previously. 

Guinea-pig receiving only very small amount of vitamin C (0,25 

milligrams a day). A large gap can be seen where the edges of the 
wound have failed to unite. 
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ymptom of the animal is on a vitamin C deficient diet. 
0 be brittle. The pulp of the tooth becomes fibrous and 
found to be blood leaks out of the small blood vessels 
blood into and forms blood clots. The cells which form 
ed enlarge- the hard part of the tooth (which are called 
part of the odontoblasts’) become distorted in shape 
lings on the and almost unrecognisable. This degeneration 
irtilagenous of the ‘‘odontoblasts’’ begins at the base of a 


ed. the tooth and works up the pulp towards the 
apex. In some cases there was actually a 
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924 carried condition in the pulp. bt oe 25 jgheites Bier es eee 
inges in the Dr. Héjer found many other changes in |Fess Rg PO ae oa gener 
| interesting the tissues of the body apart from those in the [F*: - it il —. perce ee. 
their diets. bones and teeth. He found atrophy of the 
UINCa-pigs, muscles, together with little hemorrhages 
7ith scurvy, between the muscle fibres; he found the 
be present heart muscle to be degenerated and the liver 
s suffering also to be seriously effected. One of Dr. HOjer’s , 
A-Pigs, it is most important discoveries was that there was Layer of connective tissue 
€ teeth. It a wide-spread deficiency of fibres known as which binds skin to body 
curvy, that “collagen fibres’’ in the connective tissues throughout 
ne decayed, the body in scurvy. The connective tissues of the body Fic. 5.—Section through skin wound made one week previously of 
lout; but | are those which bind the various parts of the body to- Scan hardly be distinguished from the normal tissue surrounding it. 
/hom post- gether. They bind the organs to one another and they 
adults and bind the skin to the rest of the body. The collagen fibres 3 a ) 
pigs, it is which are present in these connective tissues give them Fibres similar to collagen fibres are laid down in the 
deficiency their strength, they are produced by cells called “ fibro- seaesitta where bone is to be formed * where bone Is being 
work was blasts”. In the healing of a skin wound, these collagen "Paired. These fibres form what is called the organic 
i Fish and fibres are quickly produced by the “‘fibroblasts’’, and the matrix of the bone. On them are deposited the baie 
edges of the wound are bound together by them. The salts of calcium which give the hardness and mineral 
row all the human scar tissue which is present underneath the skin Character to both bones and teeth. Therefore in scurvy 
ly nibbles in the region where the wound is healed is due to the we can see that the failure of the body to produce these 
‘th as they presence of these collagen fibres. The discovery by Dr. fibres would also prevent the bone from healing. Experi- 
has been Hojer that there is a deficient production of collagen in ments to test this out were actually carried out in 1926 by 
) the cells scurvy explains therefore why wounds fail to heal in two American doctors named Wolbach and Howe. They 
s0th when people who are suffering from this disease. cut small grooves in the bones of guinea-pigs with a tiny 
circular saw, and they found that if these animals were not 
previously. Fic. 4.—Section through skin wound made one week previously of Sven any Veen C, bone bn “a? formed in these little 
min C (0,25 guinea-pig réceiving 0.5 milligram of vitamin C a day. The edges of grooves, whereas if the animals were given plenty of 
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the wound have joined together, but the scar is very obvious. 
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vitamin C the grooves rapidly filled up with bone. Since 
1930 scientists in a number of different 
countries have attempted to establish for 
certain the fact that vitamin C is necessary 
for the production of these collagen fibres. 
A French doctor named Mazoué injected a 
substance called Kieslguhr into the body 
cavity of a guinea-pig and found that in the 
normal animal the Kieslguhr rapidly became 
surrounded by a mass of collagen fibres, but 
he found that in the animals with scurvy no 
collagen fibres were produced at ail. 

I have mentioned earlier in this article that 
certain cells called fibroblasts produce the 
collagen fibres in the body. By the special 
technique known as “‘tissue culture” it is 
possible to remove small portions of tissue 
from an animal and to grow them more 
or less indefinitely outside the body in a 
nutrient medium, that is in saline solution 
which contains substances which will nourish 
the tissue. Two French doctors named 
Quérido and Gaillard removed from guinea- 
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Fibres produced by fibroblast- Fibrous layer of bone membrane 
like cells ‘in blood clot occupy- which rapidly grows across any the em 
Fibrous layer of bone mem- Blood clot in hole previously ing hole in bone peek ce etaleeinata dc tatien after ac 
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Fic. 6.—Longitudinal section through the shaft of a leg bone. Fic. 7.—Longitudinal section through the shaft of a leg bone. 
Guinea-pig receiving no vitamin C. No signs of healing in the hole Guinea-pig receiving | milligram of vitamin C a day. Small amount 
which had been bored one week previously. of healing has taken place in the hole which was bored one week 
previously. 
pigs some connective tissue containing fibroblasts. They 2 milligrams of the vitamin, the wound would not burst 
placed little bits of this connective tissue firstly into until a pressure of 70 millimetres of mercury had been 
the plasma (the liquid part of the blood with the cells exerted upon it. In the first group of animals, it was also 
removed) of guinea-pigs which were suffering from found that the skin wounds would burst at 65 millimetres of 
scurvy: another piece was placed into plasma from the mercury pressure, and in the second group of animals 
same guinea-pigs, but which had a small amount of 160 millimetres of pressure was needed to burst the wounds. 
pure vitamin C added to it; and a third little piece was The importance of this type of research from the point of 
placed in the plasma of guinea-pigs which had been view of the healing of war casualties is obvious. From the 
treated with large doses of vitamin C for a few days information that is just given, it is obvious that skin wounds 
before the experiment began. In the last two preparations, and other wounds of soft tissues will not heal unless 
the fibroblast cells not only lived and thrived, but produced plenty of vitamin C is given to the patient; in the same 
large numbers of collagen fibres. The fibroblast cells in way, there is much experimental evidence to show that 
the plasma from the guinea-pigs which was suffering from plenty of vitamin C is needed to ensure the proper healing 
scurvy—although they lived—failed to produce any of bone. Once again, some of the earliest work in this 
collagen fibres at all. This relationship between vitamin field was carried out by Japanese research workers. Dr. 
C and the production of collagen fibres is, as suggested Shinya in 1922 tried to transplant bone from one guinea-pig 
before, very important when one comes to consider the to another, but he found that in guinea-pigs suffering 
healing of wounds, and there are many experiments which from scurvy the bone grafts would not take. His fellow 
have been carried out to show that wounds will not heal countryman, Dr. Watanabe, sawed furrows in the skulls 
if sufficient vitamin C is not given to the injured person. of guinea-pigs suffering from scurvy and found—as later on 
We have seen why wounds and fractures of people in 1926 had the American workers whom I have previously 
suffering from scurvy failed to heal—it is interesting now mentioned—that there was a complete failure on the part PROFI 
to see what experiments have been carried out directly on of the bone to regenerate. 
the effect of vitamin C deficiency on various aspects of — 
wound healing. As long ago as 1923, Dr. Ishido, a Recent Work in England on 
Japanese, found that wounds would not heal in guinea-pigs Although there was plenty of evidence that scurvy was aapun 
if they were not receiving any vitamin C in their food. certain to prevent completely the healing of injuries to the A Ne 
A countryman of his, Dr. Saitta, found that if the wounds bone, it was not until the last few years that attempts have T 
in these vitamin C deficient guinea-pigs were treated been made to estimate to what extent slight deficiencies of Rachid i 
externally with vitamin C, that healing would be accelerated. § vitamin C may delay the regeneration of bone after to rel 
Then in recent years it has been noticed that’although a injury. Much of this work has been done by the relative 
wound may look all right after a person has been given a writer in Oxford. The method which has been used popula 
certain amount of vitamin C, it may actually have a low has been to bore holes in the leg bones of guinea-pigs catch 1 
tensile strength and may break open easily. It is realised with a dentist’s drill. It has been necessary to take than cc 
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the embedding of the matrix of the bone which was left 
after acid treatment in paraffin wax; then the cutting of the 
bone into extremely thin layers, each layer being not more 
than one hundredth of a millimetre in thickness, with the 
aid of an instrument called a microtome, which is a sort of 
refined bacon cutter; and finally the staining of the thin 
sections of bone thus obtained with various dyes in order 
to make them visible under the microscope. The animals 
used for these experiments were given varying doses of 
vitamin C. Some 2 milligrams of vitamin C a day; 
some | milligram; some } milligram; some { milligram; 
whilst some had no vitamin at all. The last three groups of 
animals showed practically no regeneration of bone at all 
when the sections of the holes in their bones were examined 
under the microscope; the holes of those which had only 
|-milligram of vitamin C showed only a small amount of 


Fibrous layer of bone membrane 
which rapidly grows across any 
injury made to the bone 
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healing; whereas those animals which had been receiving 
2 milligrams of vitamin C had almost completely regener- 
ated the injured area. 

These experiments proved conclusively that plenty of 
vitamin C was needed if bones were to heal completely, 
and so we now know that it is important for human 
patients who have fractured bones also to receive good 
supplies of this vitamin. Again, we should stress the point 
first of all that it has taken the present war to make this 
information about the importance of vitamin C in securing 
rapid healing of tissues generally known; and secondly a 
great deal of this work might not have been done at all 
without the stimulus of the war. We here have then an 
example of the developments in medical science caused by 
the war which will be of value to the peoples of all 
countries in the years of peace which we hope will follow. 







Strands of bone 











Fic. 8.—Longitudinal section through the shaft of a leg bone. 
Guinea-pig receiving 2 milligrams of vitamin C a day. The hole 
bored one week previously is filled with strands of bone. 





PROFESSOR R. A. FISHER —Continued from p. 71. 


Should be considered, the allowance per child to be 
greater where the parent earns £1,000 a year than where the 
parent's salary is £500, for instance). 


A New Fisher Formula 


To conclude this article I should like to mention an 
intriguing and quite recent addition which Fisher has made 
to biological knowledge. It concerns the study of the 
relative abundance of a large number of species in a mixed 
population. For instance, when one sets a light trap to 
catch moths, one finds there are always more rare species 
than common ones. Take the number of species of which 
one specimen has been caught. It will be a large number, 
but there will be fewer species of which two specimens are 
caught, and still fewer species of which three individuals 
are obtained. By a piece of complicated mathematical 
reasoning, Fisher has been able to suggest that these 
figures fit into a logarithmic series, corresponding to the 
Series: 2 
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where x is a number less than |, and « is a measure of the 
diversity of the fauna. This series seems to fit many 
different cases. For instance, records are available 
showing the number of lice found on the heads of Indian 
convicts: in all, 461 patients were examined, and the 
total number of lice collected from them was 7,442. 
Using Fisher’s formula, there should have been 107:15 
heads with one louse, and 303-24 heads with ten lice or less. 
The observed figures were remarkably close, being 
respectively 106 and 304. Again, if one studies Kirby’s 
catalogue of praying mantises, one finds that 805 species 
are listed, and these are classified into 209 genera. Where 
Fisher’s formula gives 82:27 genera with one species each, 
Kirby’s list gives 82; where Kirby had 168 genera with 
five species or less, the formula predicted 166°9. 

The formula seems to have wide applications, and as 
one writer has pointed out it promises to bring law 
and order into many biological problems for which up 
till now only empirical treatments have been possible. 


WILLIAM E. DICK. 








Underground Gasification of Coal 
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F. G. KENT, B.Sc., A.R.I.C. 


CIVILIZATION has reached a stage when it might reasonably 
be enquired if it is essential for miners to ply their dangerous 
occupation; and it is dangerous in spite of modern 
legislation designed to promote: safe conditions. Energy 
from coal has already been made available on a large scale 
without bringing the coal to the surface of the earth by 
means of what is called Underground Gasification. The 
social implications of a reduction or abolition of mining 
for coal are obvious. Many thousands of men would be 
spared permanent impairment of health, quite aside from 
the physical dangers just mentioned. The public is well 
aware of the difficulty of attracting young men into the 
pits, from reading newspaper reports concerning recent 
powers given to the Minister of Labour to direct young 
men into the mining industry as an alternative to military 
service. The operatives in the underground gasification 
industry would have to perform tasks similar to oil 
prospectors; oil refinery attendants and others engaged in. 
controlling synthetic chemical plants. The new “miner” 
would work in a white coat, perhaps sitting in an office 
similar to a modern power station control room sur- 
rounded by indicating dials and levers controlling valves 
at a remote distance. There would be no dust; no heavy 
toil; no miners’ lungs; no prematurely torn muscles and 
so on. But there would be a surplus of hands which could 
be employed to help make up the deficiency of labour which 
will prevail in the post-war world. 

To understand the processes about to be described it 
is necessary to outline the principles underlying the ordinary 
gas producer, for they are similar to those encountered in 
underground gasification. What goes on in a gas pro- 
ducer can be caused to happen in coal seams underground. 


Gas Producers 


First, consider ordinary combustion, which is, incident- 
ally, the most important and fundamental chemical 
reaction in the world. Normal combustion of carbon 
with plenty of oxygen derived from excess air can be 
represented by the equation: 


& = ta O, — CO, ( | ) 
carbon oxygen carbon 
dioxide 


Nitrogen from the air simply passes through the fire 
bed and goes off with the product of combustion without 
entering into the reaction. For each pound of carbon 
burnt and gasified to carbon dioxide, 14,647 B.T.U. 
(British Thermal Units) of heat are released. 

Now, if instead of being in excess of that necessary 
for complete combustion, the supply of air is restricted, 
partial combustion takes place giving carbon monoxide 
instead of carbon dioxide: 


2C ~+ O, = 2CO (2) 
carbon oxygen carbon 
monoxide 


Again the nitrogen passes through to and dilutes the 
product of combustion, carbon monoxide, this time. But 
only 4,400 B.T.U. are liberated from each pound of carbon. 


Carbon monoxide is a combustible gas which contains 
the remainder of the heat which would have been given 
up had the one pound of carbon been burnt completely 
as in reaction (1), i.e., 14,647 — 4,400 = 10,247 B.T.U.: 


2CO + O, =e 2CO, (3) 
carbon oxygen carbon 
monoxide dioxide 


These reactions with their heat effects are absolutely 
fundamental for underground gasification and must be 
mastered before the process can be understood. Observe 
10,247 _ — ; ; 
14647 * 100 = 70% of the heat available in reaction 
(1) can be obtained by burning, in reaction (3), the carbon 
dioxide generated by reaction (2). 

The second important step is to consider the effect of 
the nitrogen which dilutes the CO produced by reaction (2) 
when air is used instead of pure oxygen. Air consists of one 
fifth oxygen, approximately, and four fifths nitrogen and 
the rare inert gases neon, argon, etc. This four-fifths of 
nitrogen which does not enter into the gasification reaction 
at all heavily dilutes the carbon monoxide and thus 
reduces its calorific value per cubic foot, although, of 
course, the total heating value per pound of carbon 
(10,247 B.T.U.) remains the same. This dilution is 
undesirable since a much greater volume of gas would 
have to be blown through pipes to get the heating value of 
one volume of pure CO. 


that 





Oxygen and Steam 


Now if the gasification reaction (2) were brought about 
by pure or nearly pure oxygen, the CO generated would be 
devoid of nitrogen as an impurity or nearly so, and would 
thus retain the desirable feature of being a reasonably 
concentrated source of heat. This is the third fundamental 
of the process. 

To sum up before passing on to other considerations: 
We have dealt with the effect of: 

(a) Burning carbon with a reduced supply of air. 

(b) Diluent nitrogen in the combustible gas from (a). 

(c) Gasifying carbon with pure or nearly pure oxygen, 

thus avoiding dilution by nitrogen. 

There is one other reaction which must be mentioned, 
although it is not strictly classified as combustion. That is 
the passing of steam through the hot carbon bed in a 
producer as the apparatus is called in which reaction (2) 
is carried out. It was seen above that 4,400 B.T.U. are 
liberated for each pound of carbon gasified. This heat is 
evolved continuously and is valuable in bringing the fuel 
bed up to a suitable temperature for operation. On the 
other hand the fuel bed becomes so hot that fusion of the 
ash takes place rendering it difficult to remove, and causing 
other undesirable difficulties. However, this may be 
avoided by using steam which reacts with hot carbon 
producing the two combustible gases, carbon monoxide 
and hydrogen, and absorbing heat to the extent of 4,320 
B.T.U. per pound of carbon involved: 
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C + HO = CO + HH, @ 
carbon water carbon hydrogen 
as steam monoxide 


Note that reaction (4) differs thermally from reaction (2) 
in that the heat is absorbed, not evolved. Thus by blowing 
the producer with a mixture of air and steam the air 
tending to raise the temperature and the steam to lower it, 
it is possible to control the temperature at which gasi- 
fication takes place. In practice producers are operated at 
rather above 1000°C. Temperature conditions for under- 
ground gasification are not the same as for producers 
working on the surface of the earth, but it is to be noted that 
the introduction of steam along with the oxygen or air 
constitutes a method by which the hydrogen content of 
resulting gases may be increased. The utility of this 
phenomenon will be seen later. 

These reactions, although constituting the basic mechan- 
ism by which gasification of carbon takes place, do not 
even yet tell quite the whole story. There are a number of 
side reactions which have to be considered when studying 
the design detail and operation of industrial apparatus. 
But we are concerned with broad principles and not details 
of technique. Compared to carbon, the deviation from 
these theoretical reactions is greater with impure carbon 
such as coke, and still greater with coal containing say, 
70° to 90% carbon, the remainder consisting of ash and 
complex organic compounds. 


Mother Earth as a Gas Producer 


It will be evident by now that the gas producer reaction 
presents a very elegant means of winning the energy from 
coal by raising its combustible portions to the surface 
cleanly and with little loss of heating power. Apart from 
the 70° of total heat available from the original carbon 
which can be obtained by burning the carbon monoxide, 
at least some of the 30% remaining will come out of the 
earth as heat in the gas. By cooling the gas down this 
would be recovered, as energy’ through the medium of 
waste heat boilers. The power developed would go towards 
running auxiliary plant for oxygen production, gas blowing 
and general services. 

In addition to carbon monoxide and hydrogen, the gas 
contains tar compounds, combined nitrogen and all the 
other by-products associated with gas or coke oven works 
as we know them to-day. In the same way that the product 
of a gas producer can be varied to suit different purposes, 
so can the underground reaction be altered to yield 
increased proportions of any desired possible constituents. 

The implications of this with respect to chemical indus- 
tries are the same as for existing surface gas works. In 
Vol. IV, No. 10, Dr. Armstrong covered this section of the 
industry by a most interesting and adequate description. 

Underground Gasification not only allows but demands 
the accompaniment of a comprehensive by-products plant. 


In the writer’s opinion the focal point of British chemical 


industry should be here. Coal is our principal raw material 
and a wasting asset; no part of it should be ineffectively 
utilized. The article by Dr. Armstrong just quoted very 
Properly points out that the unique chemical compounds 
produced as by-products from gas works do not command 
the price they are worth. A change from surface to under- 
ground gasification would present an ideal opportunity 
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for enlightened technicians to prevent our treasures from 
being used for improper purposes. For instance, it is our 
duty to ensure that reactive hydrocarbons, such as ethylene, 
are not burned as fuel when comparatively inert paraffins, 
like methane, are available in sufficient quantity. A new 
industry would be untramelled by tradition and accumu- 
lations of capital. In America it is said that the bacon 
producer utilizes all parts of the pig except its squeal. 
The same attitude of mind must be engendered with respect 
to coal but with greater thoroughness, since pigs multiply, 
but coal does not any more at an appreciable rate. 


Practical Application 


The reader may have a feeling that projects as large and 
revolutionary as those being described would be too 
fanciful or complex to be worth investigating seriously for 
application in this country. If so, he will be surprised to 
learn that preliminary experience has already been obtained 
in the U.S.S.R. There is no reason why bold plans should 
not be made here and now, ready for construction to receive 
high priority among post-war building projects. 

In Russia, serious work began in 1933. By 1937, the 
first underground gasification plant was operating in the 
Donetz coal-field. The success of that astonishing achieve- 
ment was apparent when another installation began pro- 
duction in November 1940; this one in the Moscow 
coal-field. At least six others were envisaged by the third 
Russian five-year plan. 

An idea which has so thoroughly engaged the attention 
of Russian technical experts, cannot be dismissed as a 
practical possibility for this country without serious 
consideration. Undoubtedly established interests will raise 
heated objections and endeavour to adduce evidence to 
show that such a revolutionary advance is doomed to 
failure. It is just those criticisms which will be of value 
to the proponents of underground gasification. Any pro- 
posals which are advanced will be tested against the strin- 
gent examination of a well-established pair of industries: 
coal-mining and gas-making. The impact on electric power 
generation undertakings will not be small since coal would 
be replaced by gas as a fuel for them. A little, but not 
much further, in the future will come the internal com- 
bustion gas turbine as a prime mover for electric power 
generation. Developments in this field have already taken 
place. 


Technical Methods 

There are two main principles of working underground 
gasification. The first and most firmly established is the 
‘*Flow Method”’ and the second the “‘ Filtration Method”’. 

The flow method has been adopted for steep thin seams 
which are not amenable to mining in the ordinary way. A 
gallery is driven along the seam and two shafts communicate 
with the surface. The coal is ignited and blown with air 
through one of the shafts to generate sufficient heat to 
initiate the gasification process. Gas is drawn off from the 
second shaft. The air blast is cut off for a period which 
produces a gas suited to chemical synthesis, being rich in 
hydrogen; then to generate more heat, air is again intro- 
duced and the gas issuing from the exit shaft contains 
carbon monoxide to be distributed as a power gas. In 1941, 
one such installation had been reported as burning un- 
interruptedly for eighteen months. 
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In the filtration method a series of shafts containing 
inner tubes are sunk. The process is initiated by blowing 
air down an inner tube on to glowing charcoal at the bottom 
of one of the shafts, the products of combustion leaving 
through the outer annular space. After a while the outer 
tube is shut off by closing a valve and the gases from the 
burning coal are forced through the coal bed and up the 
outer annular tube of another shaft. By blowing with air 
or a mixture of air and steam, the quality of the issuing 
gases can be varied. Similarly, as in the case of the flow 
method, a hydrogen-rich synthesis gas may be obtained. 

The calorific value of the gases obtained during the air 
blast is about 120 B.T.U. per cubic foot and during the 
period when the air blast can be cut off, 150 to 200 B.T.U. 
per cubic foot. Blowing with air enriched by oxygen 
brings about an enormous increase in these figures, mainly 
since the inert diluent nitrogen which must be introduced 
with air, is reduced. The disadvantages of the low calorific 
value gas obtained without “‘rich”’ air are that larger mains 
are required to distribute a given quantity of heat in the 
form of gas; and that the combustion which eventually is 
to take place is diluted by the unreactive nitrogen, thus 
giving a lower flame temperature. In addition, the 
nitrogen carries off-large quantities of heat to waste in the 
product of combustion. 


Oxygen Production 


Although a full discussion of the advantages which 
would accrue to many industries such as metallurgy, 
calcium carbide and gas production would make a 
fascinating topic worthy of careful study, only the salient 
details can be considered here. 

Briefly, the only method by which oxygen is produced 
on a commercial scale is through the distillation of liquid 
air. In just the same way as whisky is distilled from a weak 
*“beer’’ in a fractionating column, so nitrogen is selectively 
vaporized from oxygen which has a lower boiling point 
and tends to remain behind in the still. The actual stills 
are constructed from copper and differ little in detail from 
those suitable for alcohol production. The principal 
difference is that liquid air vapour requires such a low 
temperature for its condensation that the condenser must 
be fed with liquid air boiling at a slightly lower pressure 
than in the column and, therefore, at a lower tempera- 
ture. This entails using two distillation columns instead 
of one as for alcohol which can be condensed at the 
temperature of factory cooling water. 

Once air has been liquefied there is little difficulty in 
separating its constituents by fractional distillation. Where 
much research is taking place and far more is required is 
in the production of the cold necessary to bring about 
liquefaction. | 

Air is liquefied by cooling and compression using itself 
as the refrigerant medium. In the original Linde process 
compressed air is allowed to expand irreversibly (i.e. 
without doing any work) and is cooled by the Joule- 
- Thomson effect. An improvement was the Claude system 
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in which the cooling effect was enhanced by allowing the 
expanding air to do work in a reciprocating engine similar 
to a steam engine. In both these processes and combination 
of the two, all or some of the air must be compressed to 
200 atmospheres. ; 

Recently an expansion turbine has been developed at the 
Institute of Physical Problems of the Academy of Sciences 
of the U.S.S.R. This machine allows air to expand even 
more reversibly than the reciprocator, thus extracting 
heat from it more effectively. The initial air pressure 
involved need only be of the order of five atmospheres 
instead of 200; this is a notable advance which eliminates 
the heavy and expensive compressor plant needed for high 
pressure work. Comparison between an expansion turbine 
and an expansion reciprocating engine for air can be 
translated into more familiar terms by saying that a steam 
turbine is a more efficient machine for taking energy and, 
therefore, heat, out of steam than is the old-fashioned 
reciprocating steam engine. Although no finality has been 
reached on this topic which is to-day under active dis- 
cussion, thermodynamic considerations point to the use of 
turbines in large air liquefaction plants as in large power 
stations. 

Incidentally, there is a fortune waiting for any reader 
who can discover a substance which will separate nitrogen 
and oxygen economically by differential solution. Water, 
for instance, dissolves oxygen preferentially to nitrogen. 
On boiling, the gas expelled from the water is richer in 
oxygen than it is in nitrogen. Such processes need imme- 
diate research. 


Conclusion 


An underground gasification installation with its 
attendant oxygen production plant will primarily be a 
source of energy readily distributable through a grid of 
pipe-lines in the form of gas. A high-pressure system would 
allow the use of small diameter pipes reaching long dis- 
tances. There will be great quantities of gases suitable for 
synthesizing into plastics, general chemicals .or petroleum 
products. Compounds like ethylene, carbon monoxide, 
together with hydrogen constitute the “‘ bricks”’ from which 
modern synthetic chemical compounds are built. 
Hydrogen and the pure nitrogen released by oxygen 
generators gives ammonia by the Haber process. From 
ammonia, nitric acid is obtained by catalytic oxidation 
using more oxygen. From this acid, nitrates are produced. 
Neon, Argon, etc., for electric lamp filling are a product 
of liquid air distillation. Then there are coal tar products 
in endless complexity and the ammonium salts associated 
with the classical gas industry. 

Only shortage of space prevents the enumeration of 
limitless permutations of the above and other processes. 
Observe how closely related are all these essential chem 
cals. The full benefit of this inter-relationship should be 
exploited by producing them in the same factory, situated 
adjacent to the raw materials: earth, air, water and fire. 
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The Science of Economics 





L. DELGADO, Ph.D. 


THERE seems to be in some quarters a certain reluctance on 
the part of physicists, chemists, mathematicians, and other 
students of the more precise and exact branches of know- 
ledge to accord to economics its due place as a science. Is 
this reluctance well-founded ? 

No scientist of whatever allegiance will quarrel with the 
definition of science as knowledge gained and verified by 
exact observation and correct thinking, or as the ascer- 
tainment of truth by observation, experiment and induc- 
tion, and the systematic arrangement of the known facts. 
Any study that conforms fully to these requirements is, 
ipso facto, a science. In its earliest and simplest form a 
science is usually a mere collection of observed facts, as for 
instance was the knowledge of the movements of the 
heavenly bodies possessed by the ancient Egyptians. 
The next step is to correlate or generalise these facts, 
forming a system like that of Ptolemy: then these 
generalisations are formulated as laws, as was done by 
Kepler. The final step is to proceed to some principle 
accounting for these laws, usually—though by no means 
always—by the aid of mathematical analysis, as was done 
by Newton or Einstein. All sciences have progressed 
through these stages—and economics is no exception. 


’ 


The original meaning of ‘‘ Economics ’ 


In the words which begin with the three syllables 
“econom”’ the “eco’’, formerly spelt with a diphthong, is 
the Greek for house, and the “‘nom”’ is the Greek for law 
in the sense in which it is used in “astronomy’’, when we 
treat of the law and order followed by the stars. To 
Aristotle the household was like a little kingdom, so that 
its management formed a part of Politics. It was in this 
sense that the earlier eighteenth-century philosophers 
thought of ““GEconomicks’’, though many authors used 
the term in the narrow sense of household and family 
management. Even when they wrote on Political Economy 
the subject-matter was politics rather than economics (e.g. 
Rousseau in the Encyclopedia). 

Not until 1877 did *“‘Economics”’ appear in the title of 
books on what we now understand by the subject, when an 
American writer, J. M. Sturtevant, brought out Economics 
or the Science of Wealth, though in 1763, in Italy, Count 
Pietro Verri began the preface to his Memoria Storiche 
sulla Economia Pubblica dello Stato di Milano with the 
words, ‘“‘La scienza dell’ Economia Politica’, thus 
anticipating by more than 100 years the impression that 
Sturtevant and subsequent writers wished to give by 
adopting the termination “ics.” 

It is possible that the general description of economics as 
“a study of mankind in the ordinary business of life”’, 
Suggesting to the layman a branch of philosophical study, 
has contributed to the belief that the subject was one in 
which there could be no systematic arrangement of facts. 
After all, there are many different kinds of men, each of 
them reacting differently to given influences. Thus the 
Physiocrats and the early economists were concerned with 
moral values: they were concerned with what ought 
to be -as well they might in the age in which they wrote— 


rather than with the formulation of principles in the 
scientific sense. The fact was, not that the desirability of 
discussing the laws that governed human conduct under 
given circumstances was denied, but that this work was one 
of great difficulty and that students were untrained. Such 
measurements as could be obtained were not sufficiently 
accurate. We were then at the stage that had been 
reached much earlier by chemistry and astronomy when 
they were passing respectively through the phases of 
alchemy and astrology, though on a nobler plane. 


Economics: one of the Social Sciences 


Alfred Marshall describes! economics as dealing with 
man as he is: man as largely: influenced by egoistic 
motives in his business life and to a great extent with 
reference to them, but who is also neither above vanity and 
recklessness, nor below delight in doing his work well for 
its own sake, or in sacrificing himself for the good of his 
family, his néighbours, or his country—a man who is not 
below the love of a virtuous life for its own sake. Now the 
actions of men are so various and uncertain that the best 
statement of tendencies which we can make in a science of 
human conduct must be inexact and faulty. But since we 
must form some notions of these tendencies, our choice is 
between forming these notions carelessly and forming them 
carefully. The harder the task, the greater the need for 
steady, patient enquiry and for turning to account the 
experience that has been reaped by the more advanced 
physical sciences. Much valuable experience has been 
gained since Marshall wrote. Many of man’s actions 
under given circumstances can be accurately predicted and 
are capable of very exact measurement, e.g. through the 
familiar pricing system. We know that the sacrifice 
entailed by the expenditure of a shilling will not be the 
same for one man as for another. One man may be 
willing to spend his last shilling on a football match, while 
another, even with an abundance of money in his pocket, 
would not spend a penny in that way, though he might be 
willing to give £10 for a set of Virgil’s poems. These 
differences are inevitable when dealing with mankind: 
nevertheless by grouping certain kinds of expenditure 
together we are able to measure different motives with 
great accuracy. Statistics enable us more and more, as 
they become more complete, to make these measurements 
with greater exactitude and so arrive nearer and nearer to 
the truth. 


Deductive and Inductive Methods 


In this search for truth, economics uses both induction 
and deduction. The methods required for this two-fold 
work are not peculiar to economics: they are the common 
property of all the sciences. We use them in different 
proportions for different purposes. Believers in the 
purely inductive method (usually known as the Historical 
School) claim that long chains of deductive reasoning are 
unsuitable in Economics. Thus Ricardo, who by his 


t Principles of Economics, Book L. Ch. U, See. 7 
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training and environment formulated certain “‘laws’’, did 
so on too narrow a basis—for instance, on the assumption 
that the motive of all the acts of mankind was the love of 
money. Now, economics deals essentially with dynamic 
and not with static conditions, so that as the nineteenth 
century progressed, conditions developed which destroyed 
the claims of exactness made by the Ricardian school of 
economists and encouraged the Historical School in their 
belief that exact economic laws were impossible. Yet 
Ricardo and his followers were not wrong simply because 
they used the deductive method rather than the inductive. 
The errors arose because they based their arguments upon 
premises that were unsound—they based their assumptions 
on self-interest as the universal motive force of human 
nature and on the peculiar conditions of English industry 
and agriculture at the beginning of the nineteenth 
century, conditions which were applicable only to this 
country at that particular time. They took it for granted 
that conditions were static. A. body of opinion thus arose 
from within—with German historians well to the fore— 
denying the possibility of an economic science at all. 


Economics and the More Exacting Sciences 


In fact, of course, Economics is a science, although 
mainly an observational one like astronomy or geology. 
It began in observations of the behaviour of our social 
system, behind which certain general tendencies could be 
discerned. As knowledge grew, these rudimentary laws 
could be made the basis of a synthesis bringing together 
under one scheme several such laws, just as in the physical 
sciences, the laws of Newton have been incorporated—with 
some modifications—into the broader scheme of Einstein. 

A further point is that economics deals with a very 
complicated subject-matter and it is often necessary to 
make restrictive assumptions so that predictions will be 
true only “if other things remain equal’’. These assump- 
tions have of course to be made in other sciences. For 
example the eclipses of Jupiter’s moons can be calculated 
indefinitely in the future, on the assumption that no 
unforeseen cataclysm will occur. This is a far less likely 
contingency than a corresponding economic cataclysm 
and so very often we have to hedge about our economic 
predictions with assumptions and provisos. 

For example the well-known Quantity Theory of Money 
tells us that the value of money varies in proportion to the 
quantity in circulation. This is true, provided the velocity 
of circulation remains constant, but if the quantity is 
halved and at the same time the velocity of circulation 
doubles, prices will, on the average, remain unchanged, 1.e. 
in this case the value of money will remain the same. 


New Approaches 

It seems ungracious therefore to deny to Economics the 
dignity of a place in the scientific world and the more so 
when we consider how much finer our tools have become, 
especially in the realm of statistics, enabling us to make 
accurate measurements. More than this, modern econo- 
mists approach the subject in a more realistic way. Econo- 
mics used to be divided into the water-tight divisions of 
production, exchange, distribution, and consumption—an 
arrangement which had the advantages of simplicity and 
clarity, but which did not give a true picture of the facts. 
These divisions are not independent functions successive 
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in time; they are interdependent and apply concurrently. 
Probably the best modern approach to economics js 
through the equilibrium theory, which states that resources 
tend to be so distributed and arranged as to afford the 
maximum possible satisfaction, and that no change can be 
made with advantage. So long as the position of equili- 
brium is not attained, certain units of land, labour, and 
capital will tend to move from one occupation to another 
until the maximum advantage is reached. Equilibrium 
theory presupposes perfect competition, i.e. that capital 
and labour are perfectly mobile and can be moved from 
one industry to another without costs. Both buyers and 
sellers have perfect knowledge of market conditions; 
population, wealth, tastes, and fashions are supposed 
fixed; and there is no idle capital or labour of any kind, 
Given these conditions, it is as easy and certain for 
economists to deduce results that must follow as it was for 
Euclid to prove his theorems. In a perfect market there 


can be only one selling price: there can be no surplus 


profits; if one type of production is expanded, another 
must be curtailed, and so on. 

The Equilibrium theory is thus truly scientific. The 
mathematical form of exposition is always used, because 
without the help of symbolic reasoning, arguments would 
become too long and involved to follow to their conclusions. 
But the concept is highly abstract and is an over-simplifi- 
cation of what occurs in the real world. However, one of 
its most important points is applicable to the actual 
world—the principle of relative scarcity: in the real 
world resources are scarce relative to demand. Once we 
understand this, many of the problems of to-day are easy 
to understand. The over-simplification of the equilibrium 
theory can easily be corrected by introducing modifications 
one by one, a method which will be familiar to all chemists 
and physicists. 

Another modern approach to Economics reveals the 
growing importance of measured information. Some 
twenty years ago Pigou, Bowley and Stamp began to 
emphasise the importance of determining with some 
Statistical exactness the size and distribution of the 
National Income and their economic significance. Since 
then there have been rapid advances along these lines. 
This is evident, for example, from the recent appearance 
of such an important little book as Hicks’ The Social 
Framework, or the publication by the Treasury each 
Budget Day of a White Paper dealing in detail with the 
National Income and related matters. 

Moreover, economics has now shed all the flavour it had 
of ethics. We are concerned not with what ought to be 
but with what is. In the same way that medicine has to 
study diseases, the economist has to take into consideration 
evils in the economic system, e.g. the fact that there are 
many reprehensible ways of using resources. It is 4 
measure of its importance as a science that economic 
planning has recently been used to create vast undertakings 
(as in Russia and the U.S.A.); is now being used by the 
United Nations to utilise their vast resources in the task in 
hand; and will be called upon after the war to create a 
richer and a better world. It is thus as unwise as it is 
unscholarly to neglect a branch of knowledge that deals 
with facts that can be observed and with quantities that 
can be measured, facts and quantities that concern the 
welfare of us all. 
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Optical Workshop Principles. By Col. C. 
Dévé, trans. by T. L. Tipple. (Adam 
Hilger Ltd., London; pp. xiv + 306 + 
120 illusts. : 20s.). 


THE making of optical surfaces is not an 
art which one can hope to master by 
reading a book on the subject; but 
reading about the scientific principles and 
technical problems involved is quite a 
different matter. 

Col. Dévé’s book is not meant to be a 
manual for self-tuition in_ practical 
optical work, but it explains the reason 
why any particular operation must be 
done in a certain manner. The author 
does this without letting his book become 
a theoretical treatise, but remains practical 
throughout. To quote the author’s open- 
ing remarks in his foreword: ‘In order 
to profit from reading this book it is 
necessary to be already familiar with the 
tools and the usual operations in the 
making of optical glasses. One must also 
have the notions of optics and mechanics 
which are taught in the most elementary 
classes.”’ 

The book is a résumé of the technical 
instruction given at the “Institute 
d’Optique”’ in Paris, of which the author 
is director. 

The subject matter is divided in two 
parts. 

Part I is more elementary and meant for 
apprentices. It deals with optical glasses 
in general, including methods of detection 
of flaws, abrasives and cement, surfacing, 
spectacle lenses, etc. 

Part II is specially for works managers 
and optical engineers. 

This part occupies two-thirds of the 
book, and begins with the mechanical 
theory of the working of optical surfaces, 
followed by a chapter on optical tests in 
the workshop. 

Crystal shaping, cementing lenses, the 
technique of making graticules for various 
purposes all show that Col. Dévé is 
someone thoroughly acquainted with the 
subject. 

Owing to the nature of the book, details 
of machines are not given, but adjustments 
are fully dealt with. 

The chapter on metallic surfaces does 
not treat in detail the topics of the 
technique of cathodic sputtering and 
vacuum distillation. 

However, it is quite true to say that this 
technique is only connected with and 
certainly not part of optical workshop 
practice, and requires equipment not 
hormally found in an optical workshop. 

Many diagrams, recipes and tables add 
to the value of this book, which is a worthy 
addition to the library of Hilger publi- 
cations. The translator deserves praise 
for his excellent work. A. LEEMANS 


Sting-fish and Seafarer. By H. Muir Evans 
with 31 drawings by Irene Hawkins. 
(Fabér & Faber, London, 1943: pp. 180 
+ 8 plates: 15s. ). 


IT is quite natural that the curiosity of a 
medical man practising in one of our 
largest fishing ports should turn _ his 


attention to the study of stinging and 
poisonous fishes. Dr. Evans has, however, 
pursued his scientific and medical problems 
far from his hometown at Lowestoft, 
visiting Bergen, the Channel _ and 
Mediterranean fishing ports, and in the 
tropics Mauritus and Madagascar. 

This book will doubly please the 
scientist who happens to go down to the 
sea in small ships, for Dr. Evans writes an 
interesting travel book at the same time 
as a natural history text. I, too, once 
hauled a stinging-ray aboard on a shrimp- 
baited hook intended for a skate, whilst 
anchored a few miles off the East Coast. 
Fortunately one of us recognised its 
swishing horned tail and quickly knocked 
it over the head. The author classifies a 
great number of poisonous fishes, tracing 
their harmful organs and mechanics of 
attack, and incidentally backing up with 
proof many a sailor’s yarn and debunking 
others. He also: gives directions for 
treating various wounds and conditions 
caused by fish-poisoning. 

Interwoven into a fascinating story of 
a life’s study of poisonous fish is a scien- 
tific study that both naturalists and 
medical men—particularly those who have 
sailors or fishermen among their patients 
—will read with pleasure and professional 
interest. P.V.D. 


Iron and Steel in Britain (1870-1930). By 

j Burnham and G. S. Hoskins. 

(Allen & Unwin, Ltd., London; 
pp. 352; 25s.). 


THIS is a book for the specialist. True 
enough the results of this investigation 
into the rise and fall of the British Iron and 
Steel Industry is of considerable interest 
and importance to the general reader. 
But the detailed illustrations, statistical 
and graphical, and the close and bare 
statements of fact are likely to appeal only 
to the specialist historian or inquiring 
metallurgist. 

The authors address themselves mainly 
to this significant problem. Why, between 
1870 and 1930, has the British Iron and 
Steel Industry declined relatively and, in 
some respects, absolutely? Facts and 
figures are carefully marshalled to show 
that, in tonnage Output of both iron and 
steel, Britain in these years lost ground 
seriously to her chief competitors, 
Germany, U.S.A., France and Belgium. 
Britain, in fact, fell in this period from the 
first to the fourth position in point of 
production and exports alike. 

The authors consider in turn whether 
the chief causes of this decline were 
limited resources of raw 
labour and of capital, or our inadequate 
organisation of the industry and unwise 
Government policy. The emphasis all 
the time is on the factual evidence; no 
fewer than 131 tables are to be found in 
the general body of the book and ten 
valuable lists of figures at the end. The 
authors seem rightly to expect the reader 
to find this closely-packed evidence 
strong meat, for at the end of each chapter 


materials, of 


they give a recapitulation of their main 
lines of argument. And the general 
reader will need more help even than this; 
if he wishes to see the trees rather than the 
wood he will often find himself going back 
to the relevant portions of his *‘ Knowles”’ 
and his ““Clapham’’, Perhaps the main 
conclusion that emerges from this im- 
portant study may be given in the authors’ 
own words: ‘“*There is, in fact, good 
evidence to believe that the British iron 
and steel industry would not have 
declined relatively so fast or so far during 
the period reviewed had the men at the 
head possessed greaier vision and bolder 
and more energetic capacity for organi- 
sation, direction and administration.” 
Does this allow sufficiently for the fact 
that Great Britain, as a pioneer in these 
industries, had to go through many 
periods of trial and error; whereas her 
competitions, benefiting from England’s 
experience, avoided some of the more 
serious pitfalls? Britain, in fact, if she 
reaped considerable benefits therefrom, 
nevertheless had to pay a price for being 
the home of the Industrial Revolution. 
The authors propose in a further study 
to analyse the development of the British 
Iron and Steel Industry since 1930 to 
help the industry to formulate an informed 
and wise policy in the critical years 
immediately ahead. Such a study, if not 
long delayed, will be both valuable and 
opportune. R.W.J, 


Modern Synthetic Rubbers. By Harry 
Barron, Ph.D., B.Sc., F.1.C., A.I.R.B. 
(Chapman & Hall, London; 2nd 
Edition, 1943: pp. xtt + 356; 28s.). 


THis book was first published in 1942, and 
a review of it appeared in these columns 
in May, 1943 (Vol. IV, p. 157). 

Dr. Barron’s energetic handling of the 
political and industrial side of the manu- 
facture of synthetic rubber in this country 
was bound to excite both protagonists and 
antagonists of the idea. In just over a 
short year since the book first appeared, a 
good deal of the heat of that controversy 
has evaporated; it remains only in a few 
firmly entrenched places. There is indeed 
a growing acquiesence in the claims for 
synthetic rubber that in certain applica- 
tions it has already proved itself superior 
to natural rubber, for example for 
insulation purposes. 

In re-issuing his book, Dr. Barron has 
taken the opportunity to correct several 
errors that the first edition contained. 
There is little doubt, now that it is free 
from serious blemish, that Modern 
Synthetic Rubbers will become the 
standard book in Britain on this subject, 
for the second and third parts of the book, 
which deal with the Chemical and Physical 
Background of Synthetic Elastic Materials 
and Technology of Synthetic Elastic 
Materials respectively, are invaluable to 
chemists and technologists now engaged 
in or likely to be engaged in the synthetic 
rubber or plastics industries. P.V.D. 











Far and Near 








Ministry of Science Advocated 

THE Parliamentary and Scientific Com- 
mittee held its annual lunchcon on 
February 3. The proposal was put 
forward by Lord Samuel, speaking as the 
committee’s president, that the powers of 
the Lord President of the Council should 
be extended so that he should be able to 
exercise the functions of a Minister of 
Science in the Cabinet. In this country 
there was no such Minister at present, he 
continued, though the Lord President of 
the Council did perform some of the 
functions of such a Minister. He had 
however no properly developed Depart- 
ment to assist him. Lord Samuel did not 
advocate the creation of a new Ministry 
with a new title, but he did suggest—for 
consideration in due course, but not for 
immediate decision—that the President 
of the Privy Council should have his 
functions enlarged and his Department 
(presumably Lord Samuel meant the 
Department of Scientific and Industrial 
Research) expanded, so that he should be 
given an intelligence or information 
department that would make it possible 
to keep a continual watch on the develop- 
ments of science at home and abroad. 

Lord Woolton, who also spoke at this 
luncheon, said that the growth of public 
interest in the application of scientific 
discovery to the affairs of everyday life was 
one of the most encouraging features of 
our times. The speed of development of 
that interest had, he believed, outrun 
either our administrative capacity or 
perhaps our commercial capacity. The 
needs and demands of the public were 
greater than those that were being met. 
He asked that encouragement should be 
given to those who by their researches 
are trying to make to-morrow better than 
yesterday, and he also asked for the 
courage to try out new ideas and new 
methods and to encourage new ideas and 
new inventions. Turning to very practical 
consideration of the home and _ the 
kitchen, Lord Woolton pleaded for the 
application of science in that sphere in 
order to reduce domestic labour, waste 
and bad living conditions. 

Sir Raymond Streat, Chairman of the 
Cotton Board, said that war had been 
challenging science for the last four and 
a half years. He hoped that soon science 
would be challenged no less imperatively 
by an active social conscience, and by a 
community with enough leisure and 
education to make good use of improved 
facilities for living. 


Science C.-in-C. for India? 


THE appointment of a “Supreme 
Commander” to harness Indian Science 
to national development was urged by 
Professor A. V. Hill in a broadcast from 
Calcutta recently. Professor Hill, who 
is visiting India at the invitation of, the 
Government of British India to advise on 
scientific research in reconstruction, said 
that this ‘“‘commander”’’ should _ be 
assisted by two committees—one dealing 
with research and the other with technical 
development. Scientific boards respon- 


sible to the “commander” should plan 
research into health, agriculture, engi- 
neering, industry, and perhaps natural 
resources. Between the ‘“‘commander” 
and Government Departments concerned 
there should be improvement boards for 
the practical application of scientific 
knowledge and research. 


Scientific Instrument Industry 
OnE of the smallest yet oldest industries 
of the U.K. is that of the manufacture of 
scientific instruments. Although it dates 
as far back as the 17th century, its 
importance is out of all proportion to its 
size, for at the beginning of the 20th 
century it held a predominant position in 
the world and is linked with such names as 
Newton, Gascoigne, Faraday and Kelvin 
and other famous British scientists who 
were their own instrument makers or were 
associated with manufacturing concerns. 
It was reported in The Times Trade and 
Engineering supplement that it was 
doubtful if sufficient enterprise and vision 
were shown in developing the export 
trade of this industry although some 
attention was paid to the home market. 
At the outbreak of the war of 1914-18, 
British makers were called upon to meet 
instrumental needs—now enlarged because 


of the necessity of instruments for the. 


fighting services of the nation and the 
allies—which they did successfully. But 
although at the end of the last war the 
industry was enlarged and there were 
many more skilled craftsmen, putting the 
U.K. in a better position to bid for world 
trade in essential scientific apparatus, it 
is clear that mistakes were made and 
opportunities lost for within a short time 
the industry shrank to its pre-war size. 

Fo meet war-time needs optical and 
scientific instruments had been manufac- 
tured far in excess of peace-time require- 
ments and the release of such instruments 
at a price out of proportion to the cost 
of manufacture had an adverse effect on 
employment in the instrument industry. 
In 1921 the imposition of the Safeguarding 
Duty on imports of these instruments 
showed that the Government was aware of 
the situation. 

It is to the credit of British makers 
however, that in this difficult period they 
continued actively to support research 
and technical education, and so were in a 
position to face the heavy demands made 
upon them by the Services and essential 
industries in this war. 

It was estimated that in 1939 the industry 
employed about 18,000 operatives and 
handled business to the value of £7,500,000 
of which about £2,000,000 represented 
export trade. By 1942-3 the number of 
employees had risen to over 50,000 and 
he value of output to over £30,000,000. 

The restoration of peace will again find 
the country with an enlarged scientific 
instrument industry fully equipped with 
the specialised machinery and _ trained 
personnel, and the British instrument 
industry after the war will be confronted 
with a situation similar to that facing it 


a 


in 1919. It is imperative therefore that 
if it is to cope with this situation it myst 
seize the opportunity of establishing itself 
in the position to which it is entitled and 
above all, the sympathetic co-operation 
and help of the Government Departments, 
With the sympathetic interest of the 
Board of Trade, the Scientific Instrument 


Manufacturers’ Association, which js 
closely identified with the Scientific 
Instrument Research Association, 


supported by the Committee of the Privy 
Council for Scientific and Industrial 
Research, should be able to devise a plan 
of action that should alleviate post-war 
difficulties, develop export trade and assist 
in re-establishing British industries, 


Shipbuilding Research Plan 

AFTER consultation with Government 
Departments, with the shipping industry, 
and other interested organisations, the 
British shipbuilding industry is forming 
immediately a research association for 
the development of all forms of research 
associated with ship-building, miarine- 
engineering, and ship-repairing. There is 
to be a research council elected by the 
Shipbuilding Conference, which will 
finance the new association and will be 
responsible for its general conduct and 
policy. The Department of Scientific and 
Industrial Research will be represented 
on this council. The formation of the 
association is not in any way to restrict 
the activities of individual firms, which 
have had long experience in research work 
but whose activities have not been co- 
ordinated on any national basis. It is 
hoped that the establishment of the new 
association will further stimulate ship- 
building research. Probably but for the 
war the present step would have been 
taken earlier. 


Redux Plastics Process 


RECENTLY a process has been developed 
by the Aero Research of Duxford, called 
the ‘‘ Redux ”’ process, which uses synthetic 
resins for bonding light alloys and steel. 
It is claimed that the joint thus obtained 
is stronger than that obtained by riveting, 
and also makes possible secure adhesion 
between metal and wood. The new 
process is essentially economical and lends 
itself to modern production methods. It 
makes possible the union of these dis- 
similar materials to give joints which are 
free from stress concentrations and are 
aerodynamically smooth and petrol-tight. 

Basically the ‘“*Redux’’ process IS 4 
method of resin bonding applied by 4 
technique which involves accurate control 
of variables but can be adapted to the 
nature of the surfaces to be joined, as 
also to type of structure to be built up. 
It is stated that the process gives best 
results with trivalent metals such as 
aluminium or duralumin, chromium, iron, 
or steel, but is less satisfactory with brass, 
tin, or zinc. The synthetic resin used Is 
Stated to be mildly thermoplastic, 
that there is some loss of strength at 
temperatures above the boiling point of 
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water. This loss of bond strength is 
regained when the material cools below 
the critical temperature region, providing 
of course that undue stress has not been 
applied in the meantime. This defect is 
more than offset in aircraft construction 
where the elimination of riveting fives 
smooth surfaces with distinct aerody- 
namical advantages. It is claimed that 
the process meets a number of design 
requirements arising out of existing trends 
in aircraft construction, and has helped 
to solve some troublesome problems, such 
gs attaching steel fittings to the root end 
of wooden spars and the local reinforce- 
ment of wood at the points where 
concentrated loads have to be applied in 
the structure. The synthetic adhesive 
used is unaffectéd by water, oil, or petrol. 


Diamond Research Department 


A RESEARCH Department has recently been 
established by The Diamond Trading 
Company, Ltd. of London, under the 
management of Mr. Paul Grodzinski, 
A.M.I.Mech.E., who is assisted by a staff 
of five. The department is engaged in 
investigations into the properties of 
diamonds, their preparation for use and, 
in particular, their application in industry 
both present and potential. An extensive 
library and technical Archive which has 
been built up over a long period of years 
by Mr. Grodzinski is being continued by 
the Department, and its Information 
Service is available free of charge to all 
users of Diamond Tools, and any 
interested. Close contact is being estab- 
lished with other Research Bodies. 


Earth Movements in February 


Minor earthquakes were recorded on an 
amateur seismograph in the Isle of 
Wight on February 2, 4, 5, 15. But the 
outstanding record was that of the very 
large quake to the N.W. of Ankara, on 
February 1,’ when 2,200 people were 
killed. For the first time in four years, 
the pivotal support of the seismograph 
boom was slightly dislocated, causing 
part of the trace to be obliterated. The 
movement registered at Kew was nearly 
one-twentieth of an inch. Microseisms (see 
Discovery, Vol. IV, No. 10) were present 
throughout the month and reached storm 
size and period on February Sth. 


Industrial Research Report 


THe London Chamber -of Commerce has 
made known its deliberations 
scientific research in a report just issued. 
Outlining the need in the post-war era for 
a2 Increase in Britain’s export trade, the 
London Chamber concludes that ‘in 
order to galvanise research in this country 
with full and fruitful activity’? there are 
three basic essentials: (1) a centralised 
ind planned direction through a Central 
Research Board ; (2) a far greater stream of 
money flowing into research; (3) a larger, 
better-trained and better paid personnel. 
On the levels of fundamental research, 
which it contends in the combined duty of 
4 complete industry and the State to 
support, and of pure research, which it 
contends it is the combined duty of the 
Universities and the State to carry, the 
Report of the London Chamber differs 
little from that of other similar bodies. 


upon ' 


However, on the level of “specific 
research”’, i.e. research done by individual 
firms, it advocates the setting up of a 
Central Research Board, whose duty 
would be “‘to encourage private firms to 
make available to industry at large, 
through the Board, those discoveries which 
which they might not feel it necessary to 
retain for their exclusive use.’ This 
Central Board should be empowered to 
make tax-free grants to those firms 
surrendering such discoveries to the 
Board. These payments are designed to 
cover the cost of research leading to the 
discoveries, so encouraging firms to 
complete lines of investigation which at 
some stage they might otherwise abandon 
as too remote from their own needs. 

The Board would have the right to 
require Research associations undertake 
fundamental research in directions which 
it judges to be in the national interest, and 
transfer requests from the Board of Trade 
or Department of Overseas Trade for 
particular attention to be paid to any 
product of British manufacture which 
they find to be jeopardised by competition 
or design in the world market. 

The London Chamber proposes that 
this Central Research Board should be 
the body which receive and allocates 
government financial grants. It could, 
however, delegate certain of its functions 
to the D.S.I.R. and the University Grants 
Committee, in respect of fundamental or 
pure research respectively. The personnel 
of this Board, it suggests, might consist of 
five industrialists, four scientists, and three 
representatives of labour, together with a 
whole-time highly salaried chairman and 
a strong whole-time secretariat. 


Personal Notes 


THE Institute of Metals has elected the 
following as honorary members, represen- 
tative of each of the four principal Allied 
Nations: China, MADAME CHIANG KaAI- 
SHEK ; Gt. Britain, Sin LAWRENCE BRAGG; 
United States, Dr. IRVING LANGMUIR; 
Russia, PROFESSOR P. KAPITZA. 


Dr. Harry R. RICARDO, F.R.S., a 
well-known consulting engineer, research 
worker and inventor who has been des- 
cribed as *‘ The High Priest of the Internal 
Combustion Engine’, has been elected 
President of the Institution of Mechanical 
Engineers for the year 1944-45. - 


Mr. RosperTt H. S. ROBERTSON, M.A., 
F.G.S., son of Sir Robert Robertson (for- 
merly Government Chemist), has been 
appointed Research and Scientific Adviser 
to the Scottish Co-operative Wholesale 
Society in Glasgow. He was previously 
assistant manager of the Fullers’ Earth 
Union, Ltd., and was last year with Cefoil, 
Ltd., manufacturers of seaweed alginates. 


Dr. FREDERICK DANIEL CHATTAWAY, 
F.R.S., died at Torquay on January 26, 
aged 83. One of the original university 
students at Aberystwyth, he continued his 
studies in chemistry at Christ Church, 
Oxford, and at Munich. Returning to 
England, he was appointed lecturer at St. 
Bartholomew's Hospital, London, and in 
1910 went to Oxford to assist G. B. 
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Cronshaw in the laboratory of Queen’s 
College, of which he became a Fellow in 
1919. His work covered a wide field in 
organic chemistry, and he was particularly 
concerned with the elucidation of organic 
chemical reactions, contributing a number 
of articles to the Journal of the Chemical 
Society. He served on the councils of the 
University College of Wales and of 
Birmingham University. He was vice- 
president of the Royal Institute of 
Chemistry in 1903-1905 and 1930-1933, 
and for a time was chairman of the 
Institute’s publications committee. 


PrRoFEssoR P. M. S. BLACKETT has 
succeeded Sir Robert Watson-Watt as 
president of the Association of Scientific 
Workers. Aged 46, he holds the post of 
Langworthy Professor of Physics at 
Manchester University, but at present is 
engaged on research for the Admiralty. 
In the last war he served in the Navy, and 
it was in fact not until he was discharged 
from that Service in 1919 that he began his 
scientific career. Under Rutherford’s 
direction he carried out work at the 
Cavendish Laboratory which led to the 
discovery of the positron, or positively- 
charged electron. His researches into 
the phenomena associated with cosmic 
radiation he continued in London when he 
became Professor at Birkbeck College, and 
considerable public interest was taken in 
his investigations of the depth of 
penetration of cosmic rays, which was 
done in a laboratory set up on a disused 
platform of Holborn underground station. 
In 1940 he was awarded the Royal Medal 
of the Royal Society. 


THE Hinchley Medal of the British 
Association of Chemists has been awarded 
to Mr. HERBERT W. Rowe LL, M.1.Chem.E. 
Mr. Rowell is well-known in the plastics 
industry, and he was adviser to Lord 
Beaverbrook, when Minister of Aircraft 
Production, on the application of plastics 
to aircraft construction. 


Dr. FRASER DARLING, the well-known 
naturalist, has been appointed a member 
of the committee that is to advise the 
Secretary of State for Scotland about areas 
that might be suitable rof national parks. 
This committee, presided over by Sir J. 
Douglas Ramsay, is responsible for 
supervising the actual work of survey. 


THE Institution of Electrical Engineers 
has elected Sir ERNEST THOMAS FIsK to be 
an honorary member in appreciation of his 
services in Australia in the field of radio- 
communication. The Institution has also 
awarded the Faraday Medal to Dr. 
Irving Langmuir for his outstanding 
contribution to electrical science. 


Dr. W. H. NEWTON, reader in 
physiology in the University of London, 
has been appointed Holt Professor of 
Physiology at Liverpool University. Dr. 
Newton, who graduated at Manchester, 
has been acting head of the physiology and 
biochemistry department of University 
College during the war and is joint 
secretary of the Physiological Society. 
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PROFESSOR WILLIAM BAND, a former 
head of the Physics Department, Liverpool 
University, has escaped to Chungking 
from Japanese-occupied territory. When 
the Japanese began their invasion Pro- 
fessor Band was teaching at Pekin 
University, where one of his colleagues 
was Mr. Michael Lindsay, son of the 
Master of Balliol. In their escape 
Professor Band and his wife were assisted 
by Chinese guerillas. Mr. Lindsay, who 
was accompanied by his wife and baby, 
were unable to complete the trip, and 
have had to remain under the protection 
of guerillas in north-west China. Professor 
Band is reported to have joined the 
scientific mission led by Dr. Needham. 


IN the House of Commons recently the 
Financial Secretary to the Treasury gave 
the present constitution of the Standing 
Commission on Museums. Scientists 
who are members include Sir Lawrence 
Bragg, F.R.S., and Professor J. S. 
Gardiner, F.R.S. Major Markham called 
attention to the fact that the provinces are 
not represented on this body. 


THE death occurred on 23rd February 
at Beacon, New York, of Dr. LEo 
HENDRIK BAFKELAND, of Bakelite fame. 
.He was born at Ghent, Belgium, in 1863, 
and went to America in 1889. Dr. 
Baekeland, besides being the founder of 
the plastics industry—he discovered 
bakelite in 1909—was also the scientist 
responsible for the Velos patents, one of 
the founders of the modern photographic 
industry. 


PROFESSOR HUGH FRANK NEWALL, 
F.R.S., Fellow of Trinity College, 
Cambridge, who has died at Cambridge 
at the age of 86, was professor of astro- 
physics at Cambridge from 1909 till 1928, 
and later Emeritus Professor. 


SiR JOHN FARMER, D.Sc., F.R.S., 
Professor Emeritus of Botany, and 
formerly director of the biological 
laboratories, Imperial College of Science 
and Technology, South Kensington, died 
at Exmouth on January 27th. 


Mr. HAROLD HUME BRINDLEY, Fellow 
of St. John’s College, Cambridge, and 
former examiner in zoology at the 
Universities of Glasgow and Cambridge, 
has died at Cambridge at the age of 78. 


Dr. A. R. Topp, Sir Samuel Hall 
Professor of Chemistry and Director of 
Chemical Laboratories, University of 
Manchester, has been elected Professor of 
Organic Chemistry at Cambridge as 
from October Ist. Professor Todd _ is 
Sir Henry Dale's son-in-law. 


Research during 1943 at Metro-Vickers 


DEVELOPMENT work of the research 
Organisation of the Metro-Vickers Elec- 
trical Co. during 1943, has again been 
largely concerned with matters of a highly 
specialised character. Much of the work, 
says the annual report, printed in the 
M.-V. Gazette, has comprised of an 
examination and study of alternative 


materials for use in the companies’ 
products. 

Various synthetic rubbers, it is reported, 
now Offer flexibility and hardness, and the 
oil-resisting properties of most grades are 
good; it is likely that synthetic rubber 
will find extensive future employment. 
Special attention has also been paid to the 
Suitability of rayon yarns for covering fire 
conductors, and a marked improvement 
in abrasion resistance has been made. 
Considerable quantities of woven glass 
fabrics have been treated with insulating 
varnishes capable of withstanding rela- 
tively high operating temperature. Glass in- 
sulation on trolly-bus motors for example, 
has proved successful. 

The characteristics of special low-loss 
thermo-plastic material such as styrol and 
polythene have been investigated, and a 
number of extrusion mouldings produced. 
A thermo-hardening bitumastic varnish, 
used in the liquid state at normal tem- 
peratures, has proved highly successful. 

The properties of materials at low 
temperatures and pressures, are being 
Studied, using a cold chamber installed 
last year. A temperature of minus 60°C. 
can be reached, and a feature of the 
apparatus is that very low pressures can 
be obtained simultaneously with low 
temperature, and it is anticipated that the 
electrical breakdown properties of various 
air-gaps will be determined in a region 
where scarcely any reliable data are at 
present available. 

In the chemical section a good deal of 
short-term investigation has been done 
on the substitution of materials and the 
production of materials for special jobs. 
These include varnishes, cements, lubri- 
cants, rust-prevention, and heat and arc 
resisting insulating materials. 

The review of research work 
accomplished during 1943 terminates with 
an imposing if brief account of investiga- 
tions concerning the electrical side of this 
firm's activities. These include Schering 
Bridge tests, calibration of sphere gaps on 
direct current of both polarities, the 
completion of a continuously evacuated 
cathode-ray oscillograph, impulse voltage 
investigations and transformer acceptance 
tests, a surge diverted for earth neutral 
system, high pressure spark discharges, 
and so on. 


Plans for Post-War Television 
THE British Institute of Radio Engineers, 
held a meeting on 16th February, to 
discuss proposed standards for picture 
definition and carrier frequencies for 
post-war television. Re-starting television 
on the soundest possible basis, the chair- 
man, explained, required standards which 
would allow for picture improvements in 
the course of time, and if possible, 
standards should be agreed internationally 
to allow for export trade. In opening the 
discussion, Mr. W. A. Beatty made 
technical proposals of a very revolutionary 
nature, which he claimed would allow for 
3-colour television with stereophonic 
sound transmission, but which involved 
methods of transmission and reception 
which have not hitherto been used in 
broadcasting. 

Mr. L. H. Bedford then presented a 
review of the parameters which have to be 
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settled in a television system, and some 
of the arguments for and against making 
changes in them. He said there were 
three schools of thought: (1) those who 
wished to re-open on exactly the pre-war 
standards: (2) those who desired the 
earliest possible re-opening, with standards 
improved on the pre-war system, but 
within present-day technical and economic 
limits; (3) those who wished to suspend 
re-opening of television indefinitely until 
a fundamental improved system was 
available. There was also a_ hybrid 
school which wished to re-open as (1) but 
change at some later date to (3); buta 
change in an established system would be 
difficult, and to be on the safe side we 
should assume that the standard for 
re-opening after the war would be the 
standard for all time. The pre-war system 
was to some extent an_ experiment 
conducted on the public, because the 
propagation characteristics of the carrier 
frequency used were not accurately known 
beforehand: it would be most unwise to 
take the risk of inflicting another experi- 
ment on the public, and therefore no 
drastic change should be made in carrier 
frequency. 

Mr. Bedford had carried out experi- 
ments on the acuity of human vision as 
related to the influence of the highest 
modulation frequency transmitted in 
television signals to the apparent sharpness 
of the image, and had concluded that for 
this method of test the acuity of vision was 
about 24 minutes of angle. He suggested 
that the standard cinema picture was 
equivalent to a_ television picture of 
1,000 lines with interlaced scanning, 
compared with the pre-war television 
picture of 405 lines; a later speaker, 
however, suggested that lens aberration 
in the cinema projector would limit the 
definition to the equivalent of 650 lines. 

It was emphasised in the discussion that 
a quick start on television after the war 
would be of great value to the radio 
industry, which would need something to 
take the place of the enormous volume of 
war work on which it is now engaged; 
but sales would be restricted by any 
uncertainties about future technical policy, 
and a stable and nation-wide system of 
transmission was vital to the commercial 
development of television. 


Penicillin Again! 

So much has been written with so little 
authority upon penicillin that the publi- 
cation in the British Medical Bulletin 
(Vol. 2, No. 1, published by the British 
Council) of an authoritative review of the 
14 years’ work upon this new therapeutic 
agent will be welcomed. The special 
contributions are by the chief members of 
the team of scientists who ultimately 
developed it, and by Professor A. Fleming 
who discovered it. There is, too, an 
admirable review of selected published 
papers dealing with penicillin, as well as 
a fairly extensive bibliography. Co- 
incident with the appearance of this 
publication, another account by Professor 
H. W. Florey and Dr. E. Chain is printed 
in the January number of Endeavour. 
The latter is accompanied by some 
excellent illustrations of the mould and 
its laboratory technique. 


Printed and published by Jarrold <& Sons, Ltd., The Empire Press, Norwich 
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ETCHED IN PICRIC ACID { LIGHT SOURCE —Arec lamp 
MAGNIFICATION—60X covered by diffusion screen 
OBJECTIVE—16 mm. achromat N.A.0.28 | FILTER—IIford Micro 3 (green) 
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illumination EXPOSURE—4S5 secs. 
HOTOMICROGRAPHY has played a big part in the 
recent developments in metallurgical research. 
Ilford Limited from knowledge accumulated over 
many years have perfected a comprehensive range of 
plates varying in speed, contrast, colour sensitivity 
and resolving power from which the research worker 
can find a plate for every need, whether for high- or 
low-power photomicrography. 
ILFORD Process Plate 
H. & D. 25. For all cases where high resolution is 


necessary. 
ILFORD Chromatic Plate 
H. & D. 135. For polished steel sections, in con- 


junction with a green filter. 
ILFORD Iso-Zenith Plate 
H. & D. 700. For shorter exposures. 
ILFORD Rapid Process Panchromatic Plate 
H. & D. 100. For specimens showing oxide or sulphur 
films but frequently used for all specimens. 
ILFORD S.R. Panchromatic Plate 
H. & D. 700. A faster plafe for coloured specimens, 
ILFORD Hypersensitive Panchromatic Plate 
H. & D. 3,500. For conditions of low intensity 


lighting, such as work with polarised light at high 
magnifications. 
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The following ILFORD booklet will prove useful; 
“‘ Photography as an Aid to Scientific Work”’ 
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Aspects of an Industry 


CLEAR AS 


LASS is a necessity of modern civilization —a 
G material which affects our daily lives far more 
than is commonly recognized. We see through glass 
windows, spectacles, binoculars and microscopes. We 
eat and drink from glass. We grow food under glass. 
We preserve and sell it in glass. We cook it in glass. 
We protect with glass. We decorate with glass. We light 
our houses with glass. We are beginning to build with 
glass. Only after a * blitz ~ has left gaping holes where 
once were window panes do we realise that our houses 
are eonly habitable because of the warmth and light 
made possible by glass. The manufacture of glass is 
thousands of years old. It probably began in ancient 
Egypt, where glass beads and amulets have been found 
in tombs of about 4000 B.c. But the great development 
in the uses of glass is of recent date, and it is only since 
1910 that glass-making may be said to have changed 
from a craft to a highly scientific and specialized 
industry. For this transition, much of the credit 
must go to the great glass manufacturing firms of 


Imperial Chemical Industries 


CRYSTAL 


Great Britain, and the work of the Department of 
Glass Technology at Sheffield University is known 
and recognized all over the world. In the laboratory, 
vigorous and systematic research has resulted on the 
one hand in progressive improvements in manus 
facturing efficiency: and on the other in the design 
and appearance of the finished article. In the chemical 
factory, the maintenance of the highest standards of 
purity in the chemicals used in glass-making ensures 
the quality of British glass. Chief among. these 
chemicals are sodium carbonate — soda ash — and 
sodium sulphate — “ salt cake *’ — and certain special 
refining agents. Glass-making profits by the research 
as well as the products of the chemical industry, 
but without adequate supplies of better opticai glass 
and of various glasswares having specially resistant 
properties, scientific research would speedily suffer. 
The bond is mutuai. If the chemist helps the British 
glass manufacturer to produce better glass, he 
depends on glass for the service he is able to give. 
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Limited, London, 
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